

Warning: Graphical Content 

May Lead To Excessive Productivity. 


Join the crowds flocking to use the 
number one blockbuster of the decade. 
LabVIEW* - it’s the biggest hit in virtual 
instrumentation. LabVIEW graphical 
programming is proven to increase 
productivity by at least four to 10 times 
over that of traditional languages. Every 
day, thousands of LabVIEW users save 
their companies valuable time and 
money. And, they’re having lots of fun 
developing with LabVIEW. To see what all 
the critics are raving about, call for your 
FREE LabVIEW productivity study today 
(popcorn not included). 
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LabVIEW 

Productivity Stud)’ 
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Call for your FREE LabVIEW 
productivity study today. 

( 800)4333488 


FREE evaluation software available 




DILBERT® by Scott Adams 


To Reserve your FREE Dilbert* Deck Card Pack, dial our OMEGAfax** on-line publishing 
service at 1-800-848-4271 and request document #9987. or call 208-329-1266 to reserve your pack. 
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deck of OMEGA s 
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Gould's new C0BRA16 combines a real-time recording system with the power of 
real-time mathematical calculations to provide real-time results. Its Windows 95*> 
control system allows real-time color monitoring of raw or computed data. With 
its extensive post-acquisition analysis program, the COBRA16 delivers unparalleled 
performance in a portable package. 


Real-Time Results 

If every test problem were the same, the answers would be 
simple. 

Now, Gould's new Real-Time Math Module lets you create a 
unique mathematical solution to your special test problem. This 
new module converts real-time raw data to useful information at 
the time and place of acquisition. Instantaneous answers make the 
most effective use of your valuable test cell resources, providing 
savings which go directly to your bottom line. 

Add Gould's powerful Real-Time Math Module, the heart of 
our new COBRA16 System, to any existing TA11 or TA6000 product 
to provide powerful, enhanced functionality. Perform real-time 
calculations at 50,000 samples per second. Use resultant math 
outputs as inputs to additional math functions, providing for 
complex equations. Trigger acquisition using derived results, raw 
data or combinations. To ensure easily interpreted results, define 
your input units to provide real-world values; such as PSIG or Watts. 

If you have uncommon 
problems, call your Gould 
representative for 
some surprisingly 
uncommon solutions. 
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GOULD 

Instrument Systems 



• Up to 64 channels • Continuously record to Hard 
Disk at 1 MS/sec • External high resolution color 
monitor • Compatible with Real-Time Math Module 



• Up to 16 channels • Record transient signals to 8 
Msample memory • Compatible with Real-Time Math 
Module 


6600 Series Signal Conditioning 
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• Wide selection allows instrumentation to be used 
with strain gage, temperature, and frequency 
conversion transducers • The perfect complement 
to Gould's Real-Time Math Module 


Fast Action FAX: (216) 328-7404 
attention Inquires Manager, 
or CALL: (800) 468-5365 

□ Have a Gould Sales Representative call me to 
arrange a demonstration 

□ Rush me free information on Gould's new 
Real-Time Math 

(Please print) 

Name: 

Title: 

Company: 

Street: 


NTB 1/97 


City: 

Telephone: ( ) . 


. State: 


. Zip: . 


FAX or mail coupon/photocopy (you may affix business 
card) to: Gould Instrument Systems, Inc. 8333 Rockside 
Road, Valley View, OH 44125 


For More Information Write In No. 539 






lestEquitv introduces 
Brand New Stanford 
Research Systems, 

premium equipment 
that’s priced to relieve 
your real-world budget 
constraint!, ■ 

Brand New 

► Stanford 
Research Systems 
SR780 

2-Ch., 102 kHz 
FFT Network 
Signal Analyzer 
Only s 9,950! 

Save as much as 50% 
over competing models. 

► SRS DS345 
30 MHz 

Function Generator 
*1,595 

► SRS SR630 

16 Ch. Thermocouple 

Monitor 

s l,495 

Other best-priced, high- 
quality specials you’ll 
find in TestEquity’s up- 
to-the minute-catalog: 

ReNewed ™ 

► Hewlett-Packard 
3325A 
Synthesized/ 
Function Generator 
1 pHz to 21 MHz 
*2,995 

Environmental 
Chambers and Ovens 
p Thermotron. Tenney, 
Envirotronics & more 

► HP 6264B 

DC Power Supply 
0-20V. 0-20A 
Sold New for $2,200! 

$ 1 ,095 

Brand New 
» Tektronix 

TDS 200, 

60 or 100 MHz. 1 Gs/s 

Digital Real-Time 
Oscilloscopes 
from *995 

UnUsed 

► HP 2225A 
Think jet Printer 
with HP-IB interface 
Sold New for $595! 



Yes you can 
but will you? 



Brand New 4- R0INEW0D Test Equipment 

Yes, you can save up to 50% on high-quality test equipment; all the top brand 
names, including Hewlett- Packard, Tektronix and Fluke. And now there’s Stanford 
Research Systems’ FFT Analyzers, LCR Meters, Thermocouple Monitors and 
Waveform Generators; all priced up to 50% less than competing models! Call or 
log-on for the catalog that includes the latest arrivals and sale priced specials that 
will solve your test requirements. 


$ 275 

Brand New 
t Tektronix 
WaveStar™ 

Software captures, 
uploads & analyzes 
waveforms with 
digitizing 

*295 


Tektronix 




TeSTEQUITY 

1 - 800 - 353-3457 

Local or Inti, call (805) 498-9933 • FAX (805) 498-3733 
Ready to answer your col from 6:30 am, Pacific Time, Monday thro Friday 

http://www.testequity.com 

For More Information Write In No. 528 
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from S29 
per channel! 

Temperature and 
voltage logging 
from your PC has 
never been easier 
than with our 
high-speed 
TempScan/llOO 
and isolated 
MultiScan/1 200. 
Both include our 
Out-of-the-Box 1M 
TempView software 
for effortless acquisi- 
tion and real-time 
display-at a cost per 
channel as low as 
$29. These com- 
pact, expandable 
instruments are the 
ideal solution for 
your next data 
logging application. 



Includes TempView Out-of-the-Box™ data logging & real-time display software 


Hardware 

• Expandable up to 
996 channels of 
volts, T/Cs, & RTDs 

• Isolated up to 500V 

• Measurement rates 
up to 960 channels/s 

• Stand-alone & 
remote/modem 
operation 

• 32 built-in alarms 

• RS-232/4 22 & 

IEEE 488 

Software 

• FREE TempView 
software for 
Out-of-the-Box” data 
logging & display 

• LABTECH NOTEBOOK 
& LabVIEW* drivers 

• Also programmable 
from any language 



Thermocouple • RTD • Voltage • High Voltage • Alarms • Digital I/O 
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1-888-922-7421 


Call today for 
your FREE catalog 
& demo CD! 


the smart approach to instrumentation r 


lOtech, Inc. ■ 25971 Cannon Road ■ Cleveland, Ohio 44146 ■ 216 439-4091 ■ Fax:216 439-4093 ■ http://www.iotech.com 


For More Information Write In No. 650 
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NASA Administrator Daniel Goldin (right) delivered the keynote 
address at the joint opening ceremonies of Technology 2006, 
TeleCon XVI, and TeleMed II, held in Anaheim, CA, in October. 
The audience at the plenary session numbered more than 3000. 
For highlights of the seventh annual technology transfer con- 
ference and exposition, see the feature beginning on page 20. 
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Can Your FEA Software 
Snap Too? 




Scenes from 
Oil Can Video 
available 
on free 
CD-ROM or 
www.algor.com. 




Snap-through ("oil can") buckling is widely regarded 
as an extreme test of the "robustness" of FEA software. 

With Algor, "it's a snap." 



See for yourself! 

Download the Oil Carr 
Video froru the Web: 



Special Offers from Algor's Ads: vue— , s«fwr o*rr 


Featured Video: s»»TTw<ii Bvkiiac 


Video Brochure : 0*r c«Uertfc« W v «reri»* topi 
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Follows page 64 in selected editions only. 


On. the GQv e r : 

New innovations in printed circuit board, imaging, temperature, 
liquid, and speed sensing are showcased in this issue’s Special 
Focus on Sensors, which begins on page 27. Also included is 
the new ERH 300 ceramic-based sensor from Elmwood Sensors 
of Pawtucket, Rl, which measures relative humidity changes 
within seconds. 

Photo courtesy of Elmwood Sensors 



Controlled radiant heating is used to simulate in-flight thermal 
conditions that occur on a flight-test article during high-speed 
flight. This radiant heater in the Flight Loads Laboratory at 
NASA’s Dry den Flight Research Center was used to test a 
u wing glove” device that is mounted on the wing of an air- 
launched spacecraft- booster rocket to obtain data on cross- 
flow boundary-layer transition. For more information, see the 
Tech Brief on page 50. 

Photo courtesy of Dryden Flight Research Center 
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This image from the MATLAB Wavelet Toolbox shows a five-level decomposition of a voice signal 
Wavelet analysis is producing breakthroughs in the development of communications signal 
processing algorithms. Data courtesy ofU.S. Robotics Mobile Communications Corp. 


Interactive DSP 
Design and Simulation 

Add SIMULINK* to MATLAB 
and you have unprecedented 
freedom to design and evalu- 
ate DSP systems. Simply drag 
and drop icons into block 
diagrams to build dynamic 
DSP simulations. 

Select from hundreds of 
blocks in SIMULINK and in 
application-specific Blocksets. 
You can add your own blocks 
and sub-systems in seconds. 

The Express Connection 
from Idea to Implementation 

Real-Time Workshop™ 
streamlines prototyping of 
your SIMULINK models. 


Using MATLAB* for 
DSP design is easy 
For generating real-time 
C code -it’s automatic. 


We Speak Signal Processing 

MATLAB is the best connection 
between DSP concepts and 
product design. 

To speed up the design 
cycle, it integrates algorithm 
development, simulation, and 
code generation. MATLAB 
alone combines this capability 
with advanced techniques for 
exploration and innovation. 

In MATLAB you create, 
explore, and apply the meth- 
ods you need to keep pace 
with, or advance, the leading 
edge. Once youve simulated 
your designs, you can auto- 
matically generate real-time 
C code. 

You Get a Fast Start with 
Rapid Algorithm Design 

In MATLAB you work fast, 
creating DSP algorithms just 
as you would write them 
mathematically. 

Hundreds of powerful 
built-in functions — tuned 
for efficiency and reliabili- 
ty — are coupled with an 
intuitive programming 
language. 


With MATLAB Toolboxes, 
you can learn and apply the 
latest DSP techniques, such 
as wavelets, optimal filter 
design, neural networks, and 
fuzzy logic. 

Visualize the 
Power of Your Designs 

Use powerful interactive 
graphics for immediate 
analysis of your design. In 
addition, comprehensive GUI 
tools let you tailor the look 
and feel of your application. 



With SIMULINK you can easily model DSP 
systems , such as this adaptive noise-canceling 
filter, and then immediately generate C code 
to prototype your design on DSP boards. 


MATLAB 

for DSP Design 

MATLAB 
SIMULINK 
DSP Blockset 
Real-Time Workshop 
Signal Processing Toolbox 
Communications Toolbox 
Wavelet Toolbox 
Higher-Order Spectral Analysis 
Neural Network Toolbox 
MATLAB Compiler 
MATLAB C Math Library 
I 



It generates ANSI C code 
that runs 
directly 
on your 
DSP 
boards, 
ready for processor-specific 
optimization. 

The new MATLAB 
Compiler and C Math Library 
let you automatically convert 
your MATLAB algorithms to C 
for standalone simulations 
on your host computer. 


Now, See What's 
Developing with MATLAB 

Contact us for a free techni- 
cal kit that shows how 
MATLAB speeds up DSP 
design: 

(508) 647-7000 


Or fax your request: 

(508) 647-7101 


Also, don’t forget to visit our 
award-winning web site: 

http://www.mathworks.com 


The 

MATH 

WORKS 
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PENTlUMePRO 

PROCESSOR 


© 1996 Compaq Computer Corporation. All right* reserved. Compaq registered U.S Patent and Trademark Office. Compaq Professional WorksUtion is a registered trademark of 
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With all due respect to RISC/UNIXbased systems, we think you’ll find the Compaq Professional 
Workstation offers something that’s been sorely missing in proprietary workstations. Namely, freedom. 

To begin with, you’ll have plenty of power to run your specialized applications. This is made 
possible through a range of cutting-edge performance features. Including Compaq’s advanced system 
architecture which is optimized for Windows* NT and can run up to two Pentium* Pro processors. And 
because our workstation is based on open systems standards, you’ll find it will integrate easily into your 

distributed 



access 


existing network. So instead of having to work within the constraints of a proprietary 
system, you’ll have the flexibility to accommodate your needs, w hatever they are. Of 
course, with Distributed Access, you’ll also be assured of a transparent connection 
to all the information you need throughout your enterprise. Even in RISC/UNIX environments. 

Another benefit is the result of our partnerships with leading independent software vendors 
like Microsoft, SDRC, Autodesk and PTC. Because these solutions have been thoroughly tested, you’ll get 
optimum performance and compatibility. 


Your Reliance On Conventional Workstations 
I s About To Change Forever. 


Finally, our workstation provides a lower cost of ownership— not only through price : performance 
but also through Compaq’s industry -leading management features 
and comprehensive service and support programs. Including 
hundreds of resellers specially trained for your market. 

All said, the Compaq Professional Workstation is unlike 
any workstation you’ve ever used before. Which, of course, is 
exactly the point. For more information on Compaq 
workstations or Distributed Access, visit us at 
www'. Compaq. com or call 1-800-318-7774. 



So what’s under the hood? 1-2 200MHz Pentium* Pro processors with \T 4.0, a 2S6K cache, up to 512MB 
of ECC DIMM memory, an Ultra -Wide SCSI controller, and advanced 2D/3D graphics accelerators. 


COMPAQ 


Has It Changed Your Life Yet? 


For More Information Write In No. 555 




Real-time 
Video on 
Computers 

SIMULATION C 3 I SURVEILLANCE 
INTERACTIVE VIDEO DISC TRAINING 
ROBOTICS INDUSTRIAL CONTROL 
VIDEO TELECONFERENCING 



Super V ie w offers 

Up to 6 real time video windows 

Windows scaleable to full screen 

Optional inputs for FLIR, radar, 

VGA and medical imagers 

Text and graphics overlays on 
video 

Compatibility with all high 
resolution graphics controllers 

Video windowing systems are available in 
standalone and board level configurations 

ilk 

SEE) 

SPECTRUM’ 

A visual communications company"* 

950 Marina Village Parkway Alameda, CA 94501 
Tel: (510) 814-7000 Fax: (510) 814-7026 
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SUNLIGHT 

■ mmm m 


The first LED, Sunlight Readable Switch 
built to VTVISUN Standards and Mil-Specs 

Low Pouter • Low Heat • Solderless Quik-Con tied™ 
Exceptional Lead Times 

0 Sunlight Readable and SMS compliant {x>r 
MIL -S-22885E and MIL-L-85762A . 



The Complete Switch 


Contact us today: 

4EROSR4CE OPTICS INC. 

TbUFn»(888) VMSUN 
Fax: (817)654-3405 
Ema it: su 'itches@i ii isu n . com 





NASA 

Commercial 

Technology 

Team 


NASA’s R&D efforts produce a robust supply of promising technologies with applications in many 
industries. A key mechanism in identifying commercial applications for this technology is NASA’s 
national network of commercial technology organizations. The network includes ten NASA field cen- 
ters, six Regional Technology Transfer Centers (RTTCs), the National Technology Transfer Center 
(NTTC), business support organizations, and a full tie-in with the Federal Laboratory Consortium 
(FLC) for Technology Transfer. Call (206) 683- 1005 for the FLC coordinator in your area. 


NASA’s Technology Sources 

If you need further information about new technologies presented in NASA Tech Briefs, 
request the Technical Support Package (TSP) indicated at the end of the brief. If a TSP is 
not available, the Commercial Technology Office at the NASA field center that sponsored 
the research can provide you with additional information and, if applicable, refer you to the 
innovator(s). These centers are the source of all NASA-developed technology. 


Ames Research 
Center 

Selected techno- 
logical strengths: 
Fluid Dynamics; 
Life Sciences; 
Earth and 
Atmospheric 
Sciences; 
Information, 
Communications, 
and Intelligent 
Systems; 

Human Factors. 
Bruce Webbon 
(415) 604-6646 
bwebbon@mail. 
arc.nasa.gov 

Dryden Flight 
Research Center 

Selected techno- 
logical strengths: 
Aerodynamics; 
Aeronautics 
Flight Testing; 
Aeropropulsion; 
Flight Systems; 
Thermal Testing; 
Integrated 
Systems Test 
and Validation. 
Lee Duke 
(805) 258-3802 
duke@louie.dfrf. 
nasa.gov 


Goddard Space 
Flight Center 

Selected techno- 
logical strengths: 
Earth and 
Planetary 
Science 

Missions; LIDAR; 

Cryogenic 

Systems; 

Tracking; 

Telemetry; 

Command. 

George Alcorn 

(301) 286-5810 

galcom@gsfc. 

nasa.gov 

Jet Propulsion 
Laboratory 

Selected techno- 
logical strengths: 
Near/Deep- 
Space Mission 
Engineering; 
Microspacecraft; 
Space 

Communications; 

Information 

Systems; 

Remote Sensing; 
Robotics. 

Merle McKenzie 
(818) 354-2577 
merle, mckenzie@ 
ccmail.jpl. nasa.gov 


Johnson Space 
Center 

Selected techno- 
logical strengths: 
Artificial 
Intelligence 
and Human 
Computer 
Interface; 

Life Sciences; 
Human Space 
Flight Operations; 
Avionics; Sensors; 
Communications. 
Hank Davis 
(713) 483-0474 
hdavis@gp101.jsc. 
nasa.gov 

Kennedy Space 
Center 

Selected techno- 
logical strengths: 
Environmental 
Monitoring; 
Sensors; Corrosion 
Protection; 
Bio-Sciences; 
Process Modeling; 
Work Planning/ 
Control; 
Meteorology. 

Bill Sheehan 
(407) 867-2544 
billsheehan-1@ 
ksc.nasa.gov 


Langley Research 
Center 

Selected techno- 
logical strengths: 
Aerodynamics; 
Flight Systems; 
Materials; 
Structures; 
Sensors; 
Measurements; 
Information 
Sciences. 

Dr. Joseph S. 
Heyman 
(804) 864-6006 
j.s.heyman 
@larc.nasa.gov 


Lewis Research 
Center 

Selected techno- 
logical strengths: 
Aeropropulsion; 
Communications; 
Energy 
Technology; 

High 

Temperature 

Materials 

Research. 

Ann Heyward 
(216) 433-3484 
ann.o.heyward@ 
lerc.nasa.gov 


Marshall Space 
Flight Center 

Selected techno- 
logical strengths: 
Materials; 
Manufacturing; 
Nondestructive 
Evaluation; 
Biotechnology; 
Space 
Propulsion; 
Controls and 
Dynamics; 
Structures; 
Microgravity 
Processing. 

Harry Craft 
(205) 544-5419 
harry. craft@msfc. 
nasa.gov 


Stennis Space 
Center 

Selected techno- 
logical strengths: 
Propulsion 
Systems; 
Test/Monitoring; 
Remote Sensing; 
Nonintrusive 
Instrumentation. 
Kirk Sharp 
(601) 688-1929 
ksharp@ 
ssc.nasa.gov 


NASA Program Offices 

At NASA Headquarters there are 
seven major program offices that 
develop and oversee technology pro- 
jects of potential interest to industry. 
The street address for these strategic 
business units is: NASA Headquarters, 
300 E St. SW, Washington, DC 20546. 


Gene Pawlik 

Small Business 
Innovation Research 
Program (SBIR) 

(202) 358-4661 
gpawlik@oact. hq. 
nasa.gov 

Robert Norwood 

Office of Space Access 
and Technology (Code X) 

(202) 358-2320 
morwood@oact. hq. 
nasa.gov 

Philip Hodge 
Office of Space Flight 
(Code M) 

(202)358-1417 
phodge@osfms l.hq. 
nasa.gov 

Gerald Johnson 
Office ot Aeronautics 
(Code R) 

(202)358-4711 
g Johnson@aeromail. 
hq.nasa.gov 


Bill Smith 

Office of Space Sciences 
(CodeS) 

(202)358-2473 
wsmith@sm. ms. ossa. 
hq.nasa.gov 


Bert Hansen 
Office of Microgravity 
Science Applications 
(Code U) 

(202)358-1958 
bhansen@gm. olmsa. 
hq.nasa.gov 


Granville Paules 
Office of Mission to 
Planet Earth 
(Code Y) 

(202) 358-0706 

gpaules@mtpe.hq. 

nasa.gov 


NASA's Business Facilitators 


NASA-Sponsored Commercial Technology Organizations 

These organizations were established to provide rapid access to NASA and other federal R&D and 
foster collaboration between public and private sector organizations. They also can direct you to the 
appropriate point of contact within the Federal Laboratory Consortium. To reach the Regional 
Technology Transfer Center nearest you, call (800) 472-6785. 


NASA has established several organi- 
zations whose objectives are to estab- 
lish joint sponsored research agree- 
ments and incubate small start-up 
companies with significant business 
promise. 


Ismail Akbay 

National Technology 
Transfer Center 

(800) 678-6882 


Carolyn Suckow 

Far-West Technology 
Transfer Center 

University of Southern 

California 

(213) 743-2353 


Dr. William Gasko 
Center for Technology 
Commercialization 

Massachusetts 
Technology Park 
(508) 870-0042 

J. Ronald Thornton 
Southern Technology 
Applications Center 

University of Florida 
(904) 462-3913 


Gary Sera 

Mid-Continent 
Technology Transfer 
Center 

Texas A&M University 
(409) 845-8762 

Lani S. Hummel 
Mid-Atlantic Technology 
Applications Center 

University of Pittsburgh 
(412) 648-7000 


Chris Cobum 

Great Lakes Industrial 
Technology Transfer 
Center 

Battelle Memorial 
Institute 
(216) 734-0094 


Karen Robbins 
American Technology 
Initiative 

Menlo Park, CA 
(415) 325-5353 

Dr. Jill Fabricant 

Johnson Technology 

Commercialization 

Center 

Houston, TX 
(713) 335-1250 


John Gee 

Ames Technology 

Commercialization 

Center 

Sunnyvale, CA 
(408) 734-4700 

Dan Morrison 
Mississippi 
Enterprise for 
Technology 

Stennis Space 
Center, MS 

(800) 746-4699 


NASA ON-LINE: Go to NASA’s Commercial Technology Network (CTN) on the World Wide Web at 
http://nctn.hq.nasa.gov to search NASA technology resources, find commercialization opportunities, 
and learn about NASA’s national network of programs, organizations, and services dedicated to tech- 
nology transfer and commercialization. 


If you are interested in information, applications, and services relating to satellite and aerial data for Earth resources, contact: Dr. Stan Morain, Earth Analysis Center, (505) 277-362 2. 
For software developed with NASA funding, contact NASA's Computer Software Management and Information Center (COSMIC) at phone: (706) 542-3265; Fax: (706) 
542-4807; E-mail: http://www.cosmic.uga.edu or service@cosmic.uga.edu. 
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INTRODUCING 


The DAS-1700 SERIES with 
TestPoint: More Than You Expect 
For Less Than You Expect To Pay 



H ere's a full-featured test and mea- 
surement package that will surprise 
you. Combine our new DAS-1700 Series 
high-performance I/O boards with 
TestPoint software and you have the 
perfect match of performance and 
price. 

DAS-1700 . .these new boards include 
drivers for Windows 3.x. 95 and NT and 
offer 12 or 16-bit resolution and sampling 
speeds up to 160 kHz/second. They're 
ideal for high-speed monitoring and 
high-performance waveform capture 
and output. 


TestPoint" * . . .software supports data 
acquisition from DAS-1700 boards and 
offers easy drag-and-drop analysis and 
display capabilities. Designed for re- 
search and development applications. 
TestPoint is an integrated environment 
with built-in math, analysis, statistics and 
graphics functions. It runs under Windows 
so all data can be sent automatically to 
other Windows-based programs. 

Low price .you can get a DAS- 
1 700 board with TestPoint — a complete, 
ready-to-use. test and research package 
— for as low as $1598. 


Act soon — this special pricing is for 
a limited time only . For more information 
and technical specs, please call us: 

TOLL FREE: 800-348-0033 


TestPoint 
offers easy, 
drag-and- 
drop 

application 

development. 


Visit us on ine: 

http: / / www.metrabyte.com 



KEITH LEY 


METRABYTE 


For More Information Write In No. 620 







Successful launch & 
data depend on 


Mime-Version: 1.0 
To: gbannet, engineering 
From: faculty, launch control 
Date: 11/19/96 11:23:55 
Subject: launch failure 

Launch scrubbed when redundant coi 
failed to synchronize. Need e bullet-pi 
to sync onboard computers with each 
down-range sites. This has a lot of vi: 
Need a solution ASAP. 

To: faculty, launch control 
From: gbennet, engineering 
Date: 11/21/96 00:14:23 AM 
Subject: launch failure 

No bralner. Put Datum time b frequ 
modules in our VME, PC b SBus coi 
sync to master timing signals, tie 
together within 1 microsecond b 
programmable interrupts and event 
See thair ap notBS 6 www.datum.ci 


etime 






incy processor 
puters. They'll 
(•rythlng 
vide ell needed 


Datum board-level products. 


Don't leave earth without them. 


Get the facts. f 
Call 1-800-348-0648 

for the free application note. 


1 


in 


For nearly three decades, Datum Inc has created real- 
world time & frequency solutions for the most rigorous 
military and telecom applications worldwide. Today, as 
the largest provider of precision timing products, we offer 
our customers a wealth of technical knowledge and 
resources to solve a broad spectrum of everyday problems. 


. 0 Datum inc 

THE MASTERS OF TIME 


tel 408 578 4161 • fax 408 578 4165 
www.datum.com • e-mail sales@datum.com 


Reader Forum 


Reader Forum is devoted to the thoughts , concerns , questions, 
and comments of our readers . If you have a comment, a question 
regarding a specific technical problem, or an answer to a question 
that appeared in a recent issue, send your letter to the address below. 


I am working on the construction of a Newtonian 
Telescope consisting of an 18” diameter Pyrex mirror about 
2” thick. The mount is to be the split ring (horse shoe) type, 
but the telescope tube is of a Serriur Truss Tube type, about 
1 0 ’ long. The eyepiece end of the scope would have to carry 
a payload of 10 pounds. To further minimize tube flexure, I 
pondered switching from tubes of AL of 2 to 3” in diameter 
to titanium, which is still costly in this country. Perhaps a 
composite of graphite and another material could be used 
to provide light weight and rigidity. Who carries these prod- 
ucts in small quantities? Are they available in surplus? 

Nicholas I. Oshana, Jr. 
Buyers Line 
Bristol, CT 

In the NASA NewsBriefs feature in the November 1996 
issue (page 24), there was mention of magnetic hoof pro- 
tectors. The technical aspect is quite interesting, but the 
claimed magnetic medical effects don’t make sense. 

Jeffrey P. Kaylin 
Strobe Data 
Redmond, WA 

(Editor's Note: The magnets implanted in the pads are designed to 
increase blood circulation and ease pain of hoof injuries. They do not neces- 
sarily heal existing injuries. Marshall Space Flight Center materials engineer 
Deborah Dianne Schmidt and materials technician Anthony Schaffer - the 
team that fabricated and tested the magnetic material - can describe in detail 
the effects the magnets produce. They can be reached at 205-544-4943 and 
205-544-2627, respectively.) 

I am looking for a simple, entry-level CFD program that is 
IBM-compatible. I hope that NASA Tech Briefs readers can 
be of help. Thank you. 

Fred Cailey 

Navistar International 
Transportation Corp. 
Melrose Park, IL 

We are using a method for measuring bacterial contami- 
nation of surfaces that was developed by NASA and 
appeared in NASA Tech Briefs about a year ago. Thanks! 

H.R. Rawls 
University of Texas 
San Antonio, TX 


Send your letters to the Editor at: 

Reader Forum, NASA Tech Briefi, 317 Madison Ave., Ste. 1900, 
New York, NY 10017. 

Fax: 212-986-7864; E-mail: ntb_edit@interramp.com 
Please include your name, company (if applicable), address, and 
phone number or E-mail address. 
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JANDEL - A FAMILY OF SCIENTIFIC SOFTWARE SOLUTIONS 


At JandeL you supply the data, 
we provide the solution. 
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GRAPHING 

SigmaPlot* 

Choose from a complete set of 2D and 3D graph types and then customize 
every detail to create the exact graph you need. Analyze your data with 
SigmaPlot's extensive mathematical transforms and summary statistics. 
SigmaPlot automatically fits and graphs polynomial regressions up to the 
10th order and 95% or 99% confidence and prediction intervals. Microsoft 
Office and OLE 2 compatibility means SigmaPlot is even more versatile - 
you can even use an Excel worksheet inside SigmaPlot! From data import 
to final output SigmaPlot gives you graphing flexibility every step of the way. 
“When it comes to choosing the program that will best meet the needs of the 
bulk of scientific and engineering users, it isn 't close: it's SigmaPlot by a mile. ~ 
- Barry Simon, Ph.D. Desktop Engineering Magazine, Sept.'96 
Comparative review of 1 1 scientific graphics packages. 

Write in No. 532 


DATA ANALYSIS 

SigmaStat*, TableCurve" fr PeakFit" 

Analyzing and validating your results is a crucial part of the research 
process. SigmaStat offers powerful, comprehensive statistical procedures 
and an "expert system" design that features automatic assumption check- 
ing, messy data handling, reports with an explanation of your results, 
presentation-quality graphs and an Advisor Wizard that recommends 
the correct test to run. SigmaStat gives you results you can trust. 

TableCurve 2D and 3D combine powerful data fitting capabilities with the 
ability to find the ideal equation to describe empirical data. Extremely fast and easy 
to use, TableCurve 2D and 3D automatically locate best fit candidate equations for 
your X,Y and X,Y,Z data from a built-in set of functions. Or enter your own functions 
to be fitted and ranked along with the built-in equations. PeakFit is also available 
to separate and fit up to 100 overlapping, difficult to resolve peaks on your 
spectroscopy, chromatography and electrophoresis data. 

Write in No. 533 




IMAGE ANALYSIS 

SigmaScan’, SigmaScan Pro &• SigmaGel" 

SigmaScan and SigmaScan Pro are two powerful image measurement 
and analysis software tools that allow you to analyze your digital images 
quickly and accurately. Just scan in your image, enhance, calibrate or 
annotate your image, measure it using any of 44 different measurement 
features, analyze your data and output the information. SigmaGel is also 
available to perform quantitative gel and spot analysis on your own PC. 

Join the 150,000 scietitists and engineers Wrlte in No * 534 

who use Jandel products for their research solutiom. 


CALL 1-800-4-JANDEL (1 * 00 - 432 - 6305 ) 

AND PUT JANDEL PRODUCTS TO WORK FOR YOU TODAY! 

Or visit our website at http://www.jandel.com 


Jandel Scientific Software 2591 Kemer Blvd. San Rafael CA 94901 Phone: 1-800-4-JANDEL (415) 453-6700 FAX (415) 453-7769 
e-mail: sales@jandel.com Internet: http://www.jandel.aMn Jandel Scientific Software has dealers and distributors worldwide. Call , fax or email 
Jandel U.S. for a representative in your country. 

All company and/or product names are trademarks of their respective companies. 01996 Jandel Corporation. 

Jandel merges with SPSS. 


Jandel 











New Product Ideas 


New Product Ideas are just a 
few of the many innovations 
described in this issue of NASA 
Tech Briefs and having 
promising commercial 
applications. Each is discussed 
further on the referenced page 


in the appropriate 
section in this issue. If you 
are interested in developing a 
product from these or other 
NASA innovations, you can 
receive further technical 
information by requesting 


the TSP referenced at the 
end of the full-length article 
or by writing the Commercial 
Technology Office of the 
sponsoring NASA center 
(see page 14). 


Patch Rectenna for 
Converting Microwave to dc 
Power 

This antenna is a prototype compo- 
nent of systems for wireless delivery of 
electric power in industrial applications 
and perhaps to airborne instrumentation. 
Tests have shown conversion efficiencies 
from about 25 to 60 percent. 

(See page 40.) 

Preventing Shrinkage of 
Gel-Type Zinc Anodes 

Tests show that a chemically inert filler 
in gel-type zinc anodes in electrochemi- 
cal power cells helps to preserve the dis- 
charge capacity that would otherwise be 
lost as a result of dryout during long stor- 
age. 

(See page 44.) 


Microwave Measurements 
of Speeds of Food Particles 
in Pipes 

Microwaves can be used to measure the 
times of transit of food particles in industri- 
al food-processing equipment. These 
measurements would help to ensure steril- 
ization in food processing plants. 

(See page 48.) 

Tether Mechanism 
Alleviates Shock Load 

A compact tether mechanism clipped 
to a waist belt can help prevent injury to 
a falling wearer. Without it, workers in 
firefighting, construction, or rescue oper- 
ations or mountain climbers using safety 
rope can be injured in a fall when the 
rope snaps taut. 

(See page 60.) 


Heat-Cascading Regenerative 
Sorption Heat Pumps 

Calculations show that with ammonia 
as the working fluid, heat cascading 
would increase coefficients of perfor- 
mance by about 30 percent over those of 
simple regenerative physisorption heat 
pumps. Combined with staging, this heat 
cascading should increase this perfor- 
mance to 50 percent. 

(See page 66.) 

Compressing Image Data With 
Minimal Perceptual Errors 

This scheme includes an algorithm in 
such a way as to yield a reconstructed 
image with a minimum perceptual error 
for a given bit rate or a minimum bit rate 
for a give perceptual error. 

(See page 73.) 



■rear 

FIBROUS CERAMICS 


HIGH TEMPERATURE 

CERAMIC 

THERMAL INSULATION 


ZIRCAR Your Primary 
Source. 

• Wide Variety Of Forms; Fiber, Textiles, 
Papers, Blankets, Boards, Cylinders 
and Custom Shapes - One Source 
For All Materials. 

• Densities From 12 pcf up to 130 pcf, 
Temperature Ratings From 1 1 00°C 
(201 2°F) up to 2200°C (3992°F) - The 
Right Material For Your Application. 

• Composition; Zirconia, Alumina, 
Alumina-Silica, Calcium Silicate and 
Other Exotic Refractory Oxide - The 
Right Material For Any Adverse 
Environment. 

• Low Thermal Conductivity - Less 
Insulation Required For Maximum 
Isolation. 

Low Mass, Low Heat Storage - Less 
Energy For Your Process, Saves $$. 

• High Temperature Stability, Excellent 
Thermal 

Shock Properties - Longer 
Refractory Life Cuts Down Time. 

• 20 Years Experience in the Refractory 
Industry - Means ZIRCAR Has The 
Knowledge To Solve Any Extreme 
Application Problem. 




ZIRCAR Products, Inc. .. 


P.O. Box 458 


Florida, NY 10921-0458 


Phone: 914-651-4481 

Call , Fax or Write For 

Fax: 914-651-3192 

More Information 

e-mail: zircarsa@zircar.com 


Visit our home page at www.zircar.com 
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things 
come 
and go. 


Introducing The Fluke Lifetime 
Limited Warranty For Multimeters. 

Some things you buy on a whim. And 
regret later. But now we have something 
you'll never regret: genuine Fluke Digital 
Multimeters, backed by our new lifetime 
limited warranty. 

Every member of our rugged and 
reliable Fluke 20, 70, and 80 
Series DMMs now comes with 
our new lifetime warranty. 

That's a lifetime longer than 
standard warranties on the other 
bargain-basement meters. 

Which is reassuring. As is knowing that 
you've already purchased the DMM 
known for its unsurpassed quality, 
reliability, accuracy, and ruggedness. 


Every Fluke multimeter is built in the 
United States, under a quality system 
certified to meet ISO 9001 requirements. 
They're easy to use. with faster response 
times that give you readings in seconds, 
and at a glance. 

It's no wonder millions of professionals 
have chosen Fluke DMMs as the only 
name they trust. 

For more information on the 
DMMs that last a lifetime, call 
Fluke today at 1 -800-44-FUJKE. 
Or visit our website at 
www.fluke.com. It's one move 
you won't live to regret. 

Fluke. Keeping your world 
up and running. 



Others 
last a 
lifetime. 



20 Series 70 Series 80 Series 


© 1996 Ruke Corporation. P.0. Box 9090. M/S 250E. Everett. WA. USA 98206-9090. US. (800) 44-FLUKE or (206) 
356-5400. Canada (905) 890-7600. Europe (31 40) 2 678 200. Other countries (206) 356-5500. All rights reserved 
FLU-262- 101. 
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Technology 2006 Highlights 

The latest technologies, products, and services from government and industry 
were on display for the more than 6000 attendees at the world’s largest technology 
transfer conference and exhibition. 




T echnology 2006, which took place 
October 29-31 , featured three days 
of exhibits, workshops, and symposia 
that unveiled a variety of innovations, 


The Technology 2006 exhibits hall featured the NASA 
Pavilion, highlighting the latest innovations from the ten 
NASA field centers. 


successfully illustrating the show’s 
theme: ‘Technology Transfer - Today for 
Tomorrow.” 

More than 6000 engineers, scientists, 
and government and industry leaders 
attended the show, which also featured 
specialized exhibit pavilions and presen- 
tations that introduced promising new 
technologies. Last year, more than 50 
percent of the show’s attendees 
obtained licensing, cooperative research 
and development, or other technology 
transfer agreements as a result of their 
attendance at Technology 2005. 

This year’s show was held concurrently 
with TeleCon XVI, the world’s largest con- 
ference and trade show on teleconferenc- 
ing, videoconferencing, desktop video- 
conferencing, and collaborative systems; 
and the Telemed II telemedicine confer- 


ence. Combined, the shows offered 
150,000 square feet of exhibits and 
attracted more than 20,000 attendees. 

Presented here are some of the prod- 
ucts and technologies that 
sparked the interest and 
imagination of the audience. 

High- 

Displacement 
Actuators 
LARC-HDA, a NASA 
Langley Research Center 
advancement in piezoceramic 
sensors, potentially may revo- 
lutionize many aspects of the 
instrument industry. Prime 
candidates for LARC-HDA 
technology include valves, 
switches, positioners, pumps, 
flow and level pressure sen- 
sors, and any device that requires 
mechanical motion. Its output amplitude 
is an order of magnitude greater than 
existing devices at AC and DC. LARC 
HDA devices exhibit excellent properties 
as both actuators and sensors, and are 
more durable and less brittle than other 
piezoelectrics, making them much less 
sensitive when handling. 

The process for making LARC-HDA 
materials is relatively inexpensive and 
uncomplicated. It allows the manufacture 
of virtually any size and thickness and 
lends itself to mass production - they 
can be manufactured as a continuous 
film and cut to size. The output motion of 
the device is a result of the special pre- 
stressed state of its piezoelectric ele- 
ment. The devices consist of a piezo- 
electric layer attached to the pre-stress- 


The U.S. Air Force Armstrong Laboratory (left) exhibited a virtual reality simulator, as well as other computer-based 
training systems. The U.S. Department of Agriculture/Agricultural Research Service booth (right) featured " hands-on " 
displays. 


ing layer, using a NASA Langley poly- 
imide adhesive. 

LARC-HDA devices can be specifically 
tailored to the desired application. They 
can be fabricated using any available 
piezoelectric material - not just those 
containing lead, such as PZT-based 
materials. Because of this, the manufac- 
turing process has minimal environmen- 
tal impact since there are no lead vapors 
to be released. 

A number of Memoranda of 
Agreement (MOA) have been signed with 
partner companies to further develop 
LARC-HDA technology, and related 
commercial products and licenses are in 
negotiation with those companies. NASA 
is seeking additional companies to enter 
into license agreements in other areas of 
LARC-HDA technology. 

For more information, contact John 
Bacon of the Mid-Atlantic Technology 
Applications Center at 412-648-3930; 
Fax: 412-648-7003; E-mail: jbacon@ 
mtac.pitt.edu . 

Collision-Avoidance 

Sensor 

In an Oct. 30 session, Stephen L. 
Thompson of Colorado Advanced 
Research Technology Laboratories in 
Denver described the Warren Siren 
Monitor™, an inexpensive device that 
provides the means to reduce injuries, 
fatalities, property damage, and litigation 
related to automotive traffic. 

Using semiconductor technology, the 
device samples the ambient sound spec- 
trum surrounding a vehicle and detects 
the audible warning sounds of emer- 
gency vehicle sirens. The driver of the 
vehicle is alerted to the 
approaching emergency 
vehicle. The device is 
passive, requiring no 
additional effort or 
expense on the part of 
the emergency vehicle 
owners or operators. It 
uses solar power with 
vehicle battery backup; 
pulsed, infrared data 
link; three-pass verifica- 
tion; and a single inte- 
grated circuit. 

With the improve- 
ments in insulated car 
interiors, the ability of a 
siren to alert a driver is 
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diminished. A year-long study in 1989 by 
the New York Fire Department deter- 
mined that the average distance a driver 
can hear a standard 115-watt siren is 
about 10 feet. Emergency vehicle opera- 
tors are limited to 115 dBA as a maxi- 
mum siren output to prevent exceeding 
the threshold of pain for bystanders at a 
minimum distance of 15 feet. 

The device attaches directly to a vehi- 
cle’s windshield - in the unswept portion 
- on both the inside and outside. The sig- 
nal detection portion of the circuitry is 
located in the outer portion; the alarm 
and circuitry section is within the inner 
portion. Power is routed from the ignition 
key-controlled power leads, ensuring 
that the unit only functions when the 
vehicle is in use. 

The patented device will work on cars, 
motorcycles, and trucks, and is being 
tested by the National Highway Traffic 
Safety Administration for possible use in 
the nation’s 250 million existing vehicles 
and 1 1 million new vehicles. Other appli- 
cations of the system include detecting 
railroad locomotive horns to warn drivers 
of approaching trains. 

For more information, contact Stephen 
L. Thompson at 303-795-0383; E-mail: 
stevet@hoimes. sc. ti. com. 


Timing is Everything 

A state-of-the-art device developed by 
Karen and Ed Porrazzo of Chain 
Reactions, Inc., Citrus Heights, CA, rep- 
resents a breakthrough in fertility testing. 
The PFT 1-2-3™ Personal Fertility 
Testing and Reproductive Health 
System is an inexpensive, natural way 
for a woman to view her body’s fertili- 
ty signs and pinpoint her day of ovu- 
lation, enabling her to decide when to 
achieve or avoid pregnancy. 

Unlike many conventional fertility 
tests - which can be costly, invasive, 
complicated, and inconvenient - the 
PFT 1 -2-3 is a noninvasive, nontoxic, 
compact plastic device that fits in a 
pocket or purse and relies on a visual 
reference system, making it language- 
independent. The test can be per- 
formed at any time and the results are 
available immediately - examination of 
the sample by a doctor is not 
required. 

The device combines a powerful, 
compact, 100-power microscope with 
multi-colored slides - incorporating a 
technique similar to staining used in 
medical test laboratories - to allow the 
user to distinguish fertile from non-fer- 
tile days in three steps. The PFT 1 -2-3 
is designed in a triangular shape, with two 
disks that rotate from a center axis, with 
the microscope located on the upper 


disk. The bottom disk has three slides: 
one yellow, one red, and one clear. The 
woman licks each of the slides and dis- 
tinctive crystalline patterns are revealed, 
which determine the woman’s fertile and 
non-fertile days. 

The PFT 1-2-3 was listed with the 
Food and Drug Administration last year, 
although FDA approval is not required 
since the device involves no chemicals. It 
is available for $69.95 through fertility 
physicians and clinics, as well as person- 
al health care retail outlets. The device 
also is being used as a training tool in 
reproductive health training classes for 
women, and for professional training of 
physicians and pharmacists overseas. 

For more information, contact Heidi 
Ann Thomas of Chain Reactions at 916- 
944-4009. 


Awards for 
Innovation and 
Achievement 

At the annual Technology Transfer 
Awards Dinner, sponsored by the 
Technology Utilization Foundation, out- 
going Federal Laboratory Consortium 
Chair Tina McKinley presented three 
awards for Life Achievement in 
Technology Transfer and five for Small 
Business Innovation Research (SBIR) 
Technologies of the Year. 

Honored for their lifetime achievement 
were: 

• Donald S. Friedman, manager of 
technology programs for NASA's 


Goddard Space Flight Center. With 23 
years of service as Technology Utilization 
Officer at Goddard, Friedman guided to 


fruition many transfers of aerospace 
technology to the private sector, includ- 
ing several medical applications spring- 
ing from an innovative association with 
Johns Hopkins Applied Physics 
Laboratory. 

• Marv Clement, manager of Pacific 
Northwest National Laboratory's Office 
of Research and Technology Appli- 
cations. In 12 years at the head of 
PNNL's technology transfer programs, 
Clement spearheaded such innovations 
as the Entrepreneurial Leave of Absence 
Program by which staff could create new 
companies to exploit lab technology 
while retaining their jobs at PNNL. 

• Dr. Syed Shariq, chief of the Office of 
Commercial Technology at NASA Ames 
Research Center. While serving as Special 
Assistant to the Associate Administrator 
of NASA, Shariq formed and led the 
NASA Commercial Technology Manage- 
ment Team. His efforts resulted in the for- 
mulation and adoption of NASA's 
"Agenda for Change." 

The SBIR Technology of the Year 
Awards are given to U.S. companies who 
have commercialized innovative products 
through this federal program, which pro- 
vides grants to companies with 500 or 
fewer employees to pursue leading-edge 
R&D. Garnering the Grand Award this 
year was Silicon Mountain Design (SMD) 
of Colorado Springs, CO, for the SMD- 
1 M60, a new high-speed medical imag- 
ing system. In Phase II of an SBIR agree- 
ment with Eglin Air Force Base, SMD 
developed a one-million-frame-per-sec- 
ond camera that can store up to 256 
frames of 1 2-bit data at a resolution of 
256 x 256 or greater. 

SMD is in negotiation with two large 
medical imaging companies, and two 
major automotive manufacturers are 
looking at the camera for airbag- 
deployment and other crash-testing 
applications. It is also being evaluated 
for use in calcium ratio imaging, 
where the decay rate of various bio- 
logical cells is imaged as the cell dies. 

The award in the Computers and 
Electronics category went to Sente! 
Corp. of Alexandria, VA, for a handheld 
pen-based computer platform that is 
the heart of a quality-assurance 
portable data collection system. NASA 
Kennedy Space Center, the SBIR 
grantor, needed to re-engineer the 
manual and paper-intensive payload 
and shuttle checkout methods, but the 
technology is applicable to any gov- 
ernment or industry operation employ- 
ing remote data collection - inspection, 
inventory documentation, traffic ticket- 
ing, incident reports, test results, etc. 

In the Environment, Energy, and 
Resource Management category, the 



Karen and Ed Porrazzo of Chain Reactions, Inc. hope 
their PFT 1-2-3 device will revolutionize fertility testing. 
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The posterboard presentation showcase, inaugurated at 
Technology 2006, proved a lively focus of attendee interest. 


winner was Lynntech, College 
Station, TX, for a new process of 
generating ozone gas. NASA's 
Johnson Space Center under* 
wrote the development of this 
advanced oxidation process for 
post-treatment of recovered 
waste water, since ozone is a sig- 
nificant source of hydroxyl radi- 
cals, among the most potent of 
chemical oxidizing species. The 
process should find application in 
high-density semiconductor 
manufacture, where rinse water 
must be free of contaminants to 
the part-per-billion level. The cur- 
rent method of production is 
unsuitable because the ozonated 
gas stream produced contains 
nitrous oxide and some particu- 
lates; the new process, in addition, 
yields a much higher concentration of 
gas in the stream. 

Winner in the Health and Medicine 
category was General Reality Co. of 
San Jose, CA, for a portable Virtual 
Computer Monitor (VCM) for the visual- 
ly impaired. The result of an SBIR grant 
from the Dept, of Health and Human 
Services and the National Eye Institute, 
the VCM operates by combining a 
head-mounted display, head tracker, 
and screen-enlarger software. With the 
enlarged virtual screen of data in space 
before the user, he scans his line of 
sight across the data, instead of scan- 
ning the data across the display device 
as with conventional systems. 
Interaction with the screen also is 
accomplished by turning the head and 
positioning a cursor - fixed in the field of 
view - at the desired point and clicking 
a mouse button. 

Taking the Industrial/Manufacturing 
award was Davis Technologies 
International of Dallas, TX, for a com- 
pressible-fluid vehicle suspension sys- 
tem that reduces weight, space, and 
cost. Funded by the Naval Surface 
Warfare Center, the innovative system 
integrates the previously distinct spring 
and damping functions into one com- 
pact strut no larger than the traditional 
shock absorber. Because the fluid in the 
strut is itself compressible, no extra 
accumulator volume is needed. Body 
roll and pitch are reduced, and ride 
comfort and vehicle control are 
improved. The company also has devel- 
oped an active control system that 
dynamically adjusts damping, spring 
force, and ride height. 

For more information on the SBIR 
Technology of the Year Awards, contact 
George DeFeis or Wayne Pierce of the 
Technology Utilization Foundation at 
212-490-3999. 


SBIR Showcase 

Other exhibitors showcased SBIR- 
sponsored innovations that ranged wide- 
ly in technological focus. In the case of 
Emcore, a maker of chemical vapor 
deposition (CVD) equipment in Somerset, 
NJ, the SBIR contract from Rome 
Laboratory, Hanscom Air Force Base, 
MA, resulted in the creation of a new $5- 
million division employing 30 people. 
Using its proprietary TurboDisc CVD high- 
speed rotating disk reactor, Emcore 
demonstrated that an alternative process, 
called organometallic vapor phase epi- 
taxy (OMVPE), could be used to fashion 
pseudomorphic HEMT microwave mono- 
lithic integrated circuits (MMICs), a com- 
ponent critical to the rapidly expanding 
telecommunications market. A truly man- 
ufacturable process compatible with 
high-volume production of MMICs had 
not existed before. Emcore showed that 
the OMVPE-grown p-HEMT material was 
better or comparable to results for 
MMICs produced using material grown 
by molecular beam epitaxy, and it is now 
a domestic supplier of this material. 

In a "virtual intelligence" project spon- 
sored by the Army 
Research Lab, In- 
telligent Text Pro- 
cessing of Santa 
Monica, CA, fash- 
ioned a meaning- 
retrieval computer 
program called 
InQuizIt that reads 
and understands 
English much the 
way people do. It 
integrates the best 
theories of human 
linguistic process- 
ing at the structur- 
al, lexical, and for- 
mal semantic lev- 


els into a multilayered, deep com- 
putational design. ITP has demon- 
strated retrieval in many domains 
with special vocabularies: real- 
estate law, software technical 
notes, newspaper articles, govern- 
ment regulations, telecommunica- 
tions, and more. 

Stress Photonics of Madison, 
Wl, displayed its DeltaTherm 
1(300™, the commercial outgrowth 
of an SBIR contract with NASA 
Langley Research Center's 
Nondestructive Evaluations Sci- 
ences Branch, designed to 
develop a detector-array-based 
thermoelastic stress analysis (TSA) 
camera. The unit is a high-frame- 
rate infrared camera integrated 
with special signal-processing 
electronics for image-acquisition times of 
1 0 seconds for TSA and thermal nonde- 
structive evaluation. The robust, 
portable, and versatile device can also 
do time-averaged TSA. 

Among several products by Systems & 
Process Engineering Corp. of Austin, TX, 
on view was the pscan 1000, a noncon- 
tact measurement device that for the first 
time yields precision of a few microns 
from a standoff of as much as one meter 
without the aid of special surfaces. 
Stemming from an SBIR grant from the 
U.S. Navy, the device's laser-based, 
phase-measuring system circumvents 
the limitations of interferometry, triangula- 
tion, time-of-flight, or amplitude attenua- 
tion instruments, making possible on-line 
inspection of large components such as 
turbine blades, gears, large bearing 
races, and many other precision 
machined pieces. 

Companies interested in learning how 
to participate in the SBIR program are 
encouraged to attend the National SBIR 
Conference in Orlando, FL, April 2-4. 
For more information, call 360-683-5742 
or visit the SBIR home page: 
www.zyn. com/sbir/. 



More than 50 commercial u success stories” were displayed in the Small 
Business Innovation Research (SBIR) Showcase. 
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To anyone who is choosing between designing 
in 2D or 3D, we offer the following advice. 



Don’t. 


Introducing Autodesk Mechanical Desktop.' 
Uniting 2D and 3D. 


Feature-based, parametric 
solid modeling 

Vbu model with familiar features 
like tapped holes and chamfers. 
Mix surfaces and solids to build 
complex shapes. 

Comprehensive assembly 
modeling 

Assemblies are associative. Make 
a change and see the entire 
design update. 


With new Autodesk Mechanical Desktop you 
and your design team can end the debate 
because everything about it has been 
designed around your needs. For projects 
that require 2D drafting, you can be sure 
the capabilities are there. After all. Mechanical 
Desktop is built on AutoCAD* software, 
the unsurpassed 2D drafting standard. For 


make change effortless. And users totally new 
to 3D will easily get up to speed because 
of their familiarity with AutoCAD. So what 
you’ll have is one tool for a variety of pro- 
jects from straightforward components to 
complex assemblies. A tool that’s versatile 
enough to enable you to work in 2D, 3D or 
a combination. You’ll also have a network 


2D design and drafting 

DWG format ensures compatibility 
with your existing data . vendors 
and clients 


projects that require 3D or a mixture of 
2D and 3D, you’ll find enhanced feature- 
based solid modeling to speed design and 


of training and support centers worldwide. 
And yes, its affordable. Sound too good to 
be true? Call us on it. 


Associative drafting 

Automatically generate detailed 
drawings. FuH tx-drecoonal ossoootivity 
updates models and drawings. 


Analysts by ANSYS. Inc. 


With Mechanical Desktop as a foundation, you can take your projects from 
design to manufacture. Thanks to the Mechanical Applications Initiative 
(MAI), you can choose from the best-of-class design through manufacturing 

applications and know that they'll be fully integrated. M*ch*»cd by nc Mtcroproducti 



► 


Call 1-800-964-6432 and Ask for DemoPak S605. 
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IS Autodesk 
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lap. Autodesk, the Autodesk logo end AutoCAD err rrgutrml t redr marks and Autodesk Mechanical Desktop a a trademark of Autodesk. Inc. in the US and other countries. 
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NASA NEWS Briefs 


SafetySCAN, a manufacturer of 
fire safety electronics products in 
Buffalo, NY, has entered into a patent 
licensing agreement with NASA’s 
Stennis Space Center to manufacture 
and market a fire imager device that 
uses NASA fire imager technology. 
The device will aid firefighters in seeing 


invisible flames, helping them to navi- 
gate through smoky buildings. 

Called FIRESCAPE, the device can 
image the invisible flames of alcohol 
and hydrogen fires during the day, as 
well as see through smoke and find 
the origin of visible fires. NASA’s fire 
imager technology used in the product 
originally was developed by Stennis 
engineers Heidi Barnes and Harvey 
Smith for use with fighting fires 
involving hydrogen, of which Sten- 
nis uses more than one million gal- 
lons per month in its rocket engine 
testing programs. 

FIRESCAPE has no moving parts and 
is operational in less than five seconds. 
It can be used continuously for two 
hours without charging. SafetySCAN 


hopes to have it available to U.S. fire 
departments by spring of this year, at a 
price of $5000 per unit. 

For more information, contact Lanee 
Cobb of Stennis Space Center at 601- 
668-1957. 


NASA and the University of North 
Dakota are collaborating to offer a com- 
puterized course in tele- 
robotics, enabling stu- 
dents to attend virtual 
classrooms on the 
Internet and to earn 
college credits. The 
course is offered by the 
university’s Department 
of Space Studies and 
will run from January 
22 to March 26. More 
than 100 students from 
countries including 
England, Australia, 
Malaysia, and Canada 
will hear lectures on 
robotic vision and 
automating a dexterous 
robotic arm. 

The project is part of 
a three-year, $170,000 
NASA grant to the 
university that is 
funded until 1998 
through the Infor- 
mation Infrastructure 
Technology and Appli- 
cations (IITA) Program 
at NASA’s Ames Re- 
search Center. At the 
end of the course, stu- 
dents will be allowed to drive a robot 
at a distance from their remote sites. 

Students who wish to receive uni- 
versity credit must register with the 
university by January 22. For stu- 
dents outside North Dakota, an 
enrollment fee of $294.95 is required. 
Registration information is available 
at http://www.space.edu. 

For more information, contact John 
Stuck at Ames Research Center at 
415-604-5026; E-mail: jbluck@mail. 
arc.nasa.gov. 


The famous lonely Maytag repairman 
is likely to stay that way, thanks in 
part to NASA. Maytag Corporation’s 
Jackson, TN dishwasher manufactur- 



Maytag improved the performance of its dish- 
washers by 10 to 20 percent by using NASA- 
developed aerospace technologies. 

ing plant have teamed up with engi- 
neers at NASA’s Marshall Space Flight 
Center to help wash the dishes using 
NASA’s aerospace technologies. 

Marshall’s Technology Transfer Office 
led Maytag to NASA contractor 
Teledyne Brown Engineering (TBE) of 
Huntsville, AL. TBE’s Chester Simmons 
led an effort to provide Maytag with 
insights into factors that influence dish- 
washer performance. The Maytag 
design was close to its maximum ther- 
mal efficiency, but TBE recommended 
some fine tuning to improve perfor- 
mance by 10 to 20 percent. TBE engi- 
neers studied where heat energy is 
absorbed in a dishwasher as it washes 
and dries. They found that the thermo- 
plastic polymer tub retained less heat 
than did the porcelain models. 

For more information, contact Bob 
Lessels of Marshall Space Flight Center 
at 205-544-6539. 


NASA’s Jet Propulsion Laboratory’s 
new Targeted Commercialization 
Office has signed its first agreement 
with a company. LC Technologies of 
Fairfax, VA, has signed a six-month 
cooperative agreement with JPL to 
develop new uses for the company’s 
computer, which uses a keyboard acti- 
vated by the gaze of the eye. The 
Eyegazer is a combination of a com- 
puter and a camera that is focused on 
the eye. The camera monitors the 
movement of the eye across a key- 



Stennis Space Center's fire department set fire to an abandoned 
building on-site to demonstrate how the FIRESCAPE fire imager also 
works on visible fires, in addition to " seeing H invisible flames of 
hydrogen and alcohol. Here, an SSC fireman uses the handheld 
imager to see through dense smoke to find a " victim * trapped in the 
building. 
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board displayed on the computer mon- 
itor and activates any key that the eye 
focuses on. 

The company plans to use JPL scien- 
tists to help customize the technology 
for other applications, such as detect- 
ing drowsy drivers. It also can be adapt- 
ed to turn up substance abuse and 
diagnose reading problems. JPL is talk- 
ing to the Federal Aviation Ad- 
ministration (FAA) about adapting the 
technology for use by air traffic con- 
trollers. JPL will offer its optical filtering 
expertise to further develop the 
Eyegazer. Their knowledge of feedback 
control will improve the signal-to-noise 
ratio of the device, and the lab’s experi- 
ence with active pixel sensors will help 
develop a new camera for the device. 

For more information, contact JPL’s 
Public Affairs Office at 818-354-7006. 


JPL has also signed an agreement 
with Mattel Inc. of El Segundo, CA to 
produce a miniature of the Mars Rover. 
The agreement is the result of a work- 
shop for toy and game manufacturers 
and entertainment companies held last 
summer by JPL’s technology transfer 
and commercialization office. The idea 
was to give companies access to JPL's 
mission concepts and inspire ideas for 
toys, services, and other creative multi- 
media applications. 

The NASA rover is the size of two 


toaster ovens. The miniaturized version 
to be built by Mattel will be sold in a 
“Hot Wheels” three-pack that also will 
include a lander and a cruise stage. The 
actual rover is a six-wheel vehicle that 
can climb over rocks twice its wheel 
diameter. The rover incorporates a 
patented movement design. The agree- 
ment with Mattel provides trademark 
and patent protection for Mattel and 
licenses the rover technology to Mattel 
for use in toys. 

Joan Horvath, business alliances 
manager for JPL’s technology affiliate 
program, said that the agreement 
with Mattel offers a new kind of tech 
transfer and capitalizes on what she 
believes is the public’s renewed inter- 
est in space. 

For more information, contact JPL's 
Public Affairs Office at 818-354-7006. 


A process developed by Marshall 
Space Flight Center and United 
Technologies’ USBI to apply heat-resis- 
tant coatings to the space shuttle’s solid 
rocket boosters is finding a new use. 
It has been used successfully to ap- 
ply a new, skid-resistant surface to an 
interstate highway bridge south of 
Huntsville, AL. 

Conducted with the Alabama 
Department of Transportation, the 
demonstration resurfaced a bridge on 
Interstate 65 between Huntsville and 


Cullman, AL. Using the new convergent 
spray process, the coating was applied 
in less than one hour. Four hours after 
the application was completed, the 
roadway was reopened to traffic. 

The process uses a solvent-free 
spray, which significantly reduces the 
hazardous waste normally associated 
with most spraying processes. In addi- 
tion, recycled filler materials and com- 
mon resin systems can be used in the 
device. The coating also provides a 
higher degree of traction and will better 
protect against erosion than traditional 
roadway coatings. 

Vernotto McMillian, technical manag- 
er in Marshall’s Technology Transfer 
Office, said that the project allowed 
them to evaluate a pollution-preventing 
technology, as well as test different resin 
systems and filler materials that may be 
used in other NASA projects. The exist- 
ing NASA technology was developed for 
use in other NASA and commercial pro- 
jects, and was demonstrated to provide 
a cheaper, better product that saves 
time. The process also is being used 
to apply a roof coating to two commer- 
cial buildings, and may be used by a 
food company to spray toppings on 
snack foods. 

For more information, contact Bob 
Lessels of Marshall Space Flight Center 
at 205-544-6539. 


RUGGEDTRONICS 




Ruggedized 
Peripherals 
RUGGED 
MEMORIES 
FOR SEVERE 
ENVIRONMENTS 


Sealed Units - For moisture, dust, corrosive 
atmosphere 

Pressurized designs for operation over 10,000 feet 
Removable Units 
Rack mount design 

High levels of vibration and shock isolation 
Tempest designs 

Designs for Hard drives, Optical drive. 

Tape and Floppies 

Optional interfaces and input power 

24711 Redlands Blvd.No.G 
San Bernardino. CA 92408 
(909) 796-5374 FAX (909) 796-7704 
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FOR EVERY SENSING CHALLENGE, THERE’S A SUNX SOLUTION 



EX- 10 SUPER-SUM 
PHOTOELECTRIC SENSORS. 

Save space with self-contained output 
and direct PLC interface. A 500mm 
sensing range and a Waterproof IP67 
enclosure combine for big-time 
performance in a 3.5mm thick unit 


CX-20 COMPACT-SIZE 
PHOTOELECTRIC SENSORS. 

Though 20V» smaller than comparable units, 
the CX series offers a 10m sensing range and 
transparent object detection. Ideal for all 
presence-sensing applications. 



PM SERIES 

LIMITED-DISTANCE, DIFFUSE 
AND SLOT-TYPE 
MICROPHOTO SENSORS. 

Self-contained unit detects dark pieces 
and microscopic objects. Operation is not 
influenced by background or object color. 



■ COMPACT SIZE I 
HIGH RELIABILITY 
LONG-RANGE SENSING 
COST-EFFECTIVE 
EASY INSTALLATION ■ 


FX-7 FIBER OPTIC SENSORS. 

On/off push button tuning simplifies 
sensitivity setup. Resolution 8x higher 
than comparable models. 


Jmzr 




CY CYLINDRICAL 
PHOTOELECTRONIC SENSORS. 

Small and compact, these Waterproof IP67 
sensors are ideal for specular, opaque, 
translucent, and transparent object- 
detection applications. 




LA-511 LASER BEAM SENSOR. 

Laser beam alignment is simple with on- 
board alignment monitor. Provides both 
analog and digital output. Class I type. 


S-LINK SENSOR AND WIRE-SAVING LINK SYSTEM. 

Operate up to 128 I/O devices on a 4-wire bus. Connects directly to all 
PLC brands. 


GXL INDUCTIVE PROXIMITY SENSORS. 

Built-in amplifier saves space. Provides reliable 
performance for counting and positioning applications. 


©SUNX 


To learn more about these SUNX products, 
please call I -800-280-6933 

for free literature. 


P.O. Box 65310 ■ 1207 Maple Street ■ West Des Moines. I A 50265 ■ 1-800-280-6933 ■ FAX (515) 225-0063 
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\{7 Sensors 
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Readout schemes 

would increase dynamic range 

of image sensors 
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Optoelectronic edge- 
displacement sensor uses 
dual photodiode 
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Flexible circuit boards and 
proximity sensors help robots 
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Fiber-Optic Data Bus for a Sensor Network 

A tokenless protocol would ensure efficient transmission from high-speed sensors. 
NASA's Jet Propulsion Laboratory, Pasadena, California 


A proposed fiber-optic data bus 
would connect a network of high-data- 
rate sensors to a host computer. The 
bus could, for example, carry signals 
from multiple acoustic-emission sensors 
or video cameras, which generate data 
at rates greater than 10 Mb/s. The bus 
could be adapted for use in diverse sys- 
tems that include many widely distrib- 
uted sensors; e.g., structural-monitoring 
systems in aircraft, buildings, and 
bridges, and traffic-monitoring systems. 
It would cost less than does a point-to- 
point bus in which each sensor is con- 
nected to the host computer by an indi- 
vidual link. The bus would also carry 
data at rates much greater than those of 
wire buses in conventional local-area 
networks for computers. 

The bus would link the sensors in a 
daisy-chain configuration; the bus 
would comprise a control node and 


many sensor nodes joined together in a 
unidirectional fiber-optic ring (see fig- 
ure). The bus could be modified quickly 
by addition or deletion of sensors of var- 
ious types. For efficient transmission of 
sensor data, the bus would use a 
tokenless, noncontention protocol for 
accepting data from individual sensor 
nodes. It would automatically assign 
addresses to the nodes by numbering 
them in simple numerical sequence in a 
stimulus/response numbering proce- 
dure at the beginning of operation; thus, 
addresses would be automatically reas- 
signed when the bus was turned on 
after nodes were added, removed, or 
became inoperative. 

The control node would communicate 
with the host computer and would con- 
trol some of the activities of the sensor 
nodes. The sensor nodes would digitize 
the sensor outputs and send them to 


the control node according to the proto- 
col. Each sensor node would contain a 
single integrated-circuit chip. The chip 
could be made very compact by incor- 
porating the analog-to-digital converter 
circuitry with the rest of the circuity in 
such a way that the input/output lines on 
the chip would carry data in serial mode. 

After the control node had numbered 
the sensor nodes, the bus would be 
ready for acquisition of sensory data by 
the control node. Starting from node 1 , 
each node would send data through a 
repeater in the following node, follow- 
ing in numerical sequence until the last 
node transmitted the data to the con- 
trol node. The sequence would be 
implemented as follows: After each 
node finished sending its data, it would 
send a “stop” character. Each node 
would count the number of “stop” 
characters it had received and would 



The Fiber-Optic Data Bus for Sensors would comprise sensor nodes connected to each other in series and to a control node via a fiber- 
optic ring. Each sensor node would contain an analog-to-digital converter (ADC), a multiplexer (MUX) for combining signals from several sen- 
sors, and a light-emitting-diode transmitter (TX), and an optical receiver (RX). Electrical power would be supplied on a line separate from the 
fiber-optic data line. 
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transmit when its turn came. Thus, 
node 2 would transmit after receiving 
the single “stop” character from node 1 , 
node 3 would transmit after receiving 
the two “stop” characters from nodes 1 
and 2, and so forth. Alternatively, the 
control node could direct a single-send 
command to a specific node, which 
would then send its data and relinquish 


control to the control node when it had 
finished. 

The maximum transmission time 
allowed for a sensor node would be 
programmable by the control node. If a 
sensor node did not respond after a 
brief interval — say 5 ms — it would be 
considered dead, and the control node 
would drop it from the numbering 


scheme and reassign numbers to the 
remaining nodes. 

This work was done by Duncan T. 
H. Liu of Caltech for NASA’s Jet 
Propulsion Laboratory. For further 
information , write in 78 on the TSP 
Request Card. 

NPO-19712 


© Detecting Delaminations by Use of Piezoelectric Sensors 

Delaminations would be identified and located via their effects on vibrations. 

Lewis Research Center, Cleveland, Ohio 


In a proposed method of detecting 
delaminations in laminated composite- 
material beams, piezoelectric trans- 
ducers made of piezoceramic materi- 
als would be bonded to the surfaces of 
the beams (see Figure 1) and/or 
embedded in internal layers, and 
would be used to measure vibrations. 
The vibrations could be excited by 
external sources or, optionally, by 
application of driving voltages to some 
of the transducers. The vibrational 
responses of the beams as manifested 


by the output voltages of the sensory 
transducers would be analyzed for 
characteristics indicative of the pres- 


ence (if any), sizes, and locations of 
delaminations. This method may lead 
to development of a capability to 


Piezoelectric Transducers 

Laminated 
Composite 
Beam 


Figure 1 . Piezoelectric Transducers bonded to the surfaces of a laminated composite beam 
would sense (and, optionally, excite) vibrations. The outputs of the sensory transducers could 
be analyzed to detect the delamination. 
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detect delaminations in real time with 
minimal instrumentation. 

The method is analytically demon- 
strated using a theory that combines 
the linear theory of elasticity of a lami- 
nated composite beam with the linear 
constitutive relations of the stress, 
strain, and electric field in a piezoce- 
ramic material with anisotropic in-plane 
elastic properties and a macroscopic 
polar axis perpendicular to the plane in 
question. The equations of the combi- 
nation theory can be solved for both the 
case of vibroacoustic excitation by an 
external source and the case of vibra- 
tions excited locally by some of the 
transducers. 

The solutions can be used to predict 
output voltages of the vibration-sensing 
transducers; the voltages predicted for 
an intact beam differ from those for a 
beam with delaminations. In particular, 
in the case of transducers placed at 
small intervals along a beam at corre- 
sponding lengthwise positions on the 
upper and lower surfaces, the presence 
of a delamination would be indicated by 
a discontinuity in the voltage-vs.-posi- 
tion curve derived from the transducer 
voltages, and by a concomitant differ- 
ence between the output voltages of 
the upper- and lower-surface transduc- 
ers facing each other across a delami- 


nation. As shown in Figure 2, a typical 
plot of such voltages would clearly indi- 
cate the position and size of a delami- 
nation. Of course, in a practical applica- 
tion, the finite number of transducers 
and the finite spatial interval between 
them would limit the precision with 
which a delamination could be located, 
but this issue could be addressed by 
suitable design. 

This work was done by Dale A. 
Hopkins of Lewis Research Center, 


Dimitrios A. Saravanos of Ohio 
Aerospace Institute, and Victor Birman 
of The University of Missouri — Rolla. 
For further information, write in 57 on 
the TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to NASA Lewis Research 
Center, Commercial Technology Office, 
Attn: Tech Brief Patent Status, Mail Stop 
7-3, 21000 Brookpark Rd., Cleveland 
OH 44135. Refer to LEW- 16308. 



Figure 2. Outputs of Transducers on the upper and lower surfaces of a theoretical cantilever 
beam of length L with a centrally located delamination of length L/5 were calculated as func- 
tions of relative lengthwise position (x/L). The central discontinuity in the outputs clearly indi- 
cates the position and extent of the delamination. 


© Readout Schemes To Increase 
Dynamic Ranges of Image Sensors 

Each pixel would be read out with two or more integration times. 
NASA's Jet Propulsion Laboratory, Pasadena, California 


Several readout schemes have been 
proposed to increase the dynamic 
ranges of active-pixel image sensors. 
All of these schemes are based on the 
principle of reading out each pixel with 
two or more integration times during 
each frame period. 

Active-pixel image sensors are used 
in advanced video cameras for scientif- 
ic imaging, and have obvious potential 
for numerous applications, including 
video cameras for digital recording, 
electronic still and motion photography, 
and analysis of rapid motions. 
Shuttering (whether mechanical or 
electronic) imposes the same exposure 
(or integration) time on all parts of a 
scene, and this is inadequate for 
increasing the dynamic range, as can 
be understood from a simple example: 


if the scene includes sunlight and 
shadows, then shuttering could result 
in optimum exposure in the sunlit areas 
with loss of detail in the shadows, or 
perhaps optimum exposure in the 
shadows with saturation and thus loss 
of detail in the sunlit areas. 

The proposed method of reading out 
each pixel with multiple integration 
times during each frame period raises 
the possibility that at least one of the 
integration times might be optimum in 
the sense that the integrated light- 
intensity signal would neither be great 
enough to saturate the photodetector 
output nor be so small as to be 
obscured in the noise floor. Thus, a 
more nearly optimum integration time 
could be independently selected for 
each pixel in the image. 


Consider an active-pixel image sen- 
sor of M columns and N rows. In a 
conventional readout scheme, the out- 
puts of all M pixels in a row are simul- 
taneously copied onto sampling 
capacitors at the bottoms of the 
columns. Thus, each sampling capaci- 
tor momentarily contains the readout 
signal from one pixel. The contents of 
the sampling capacitors are then trans- 
ferred out sequentially; this completes 
the readout from the affected row. 
Then the next row is selected and the 
foregoing procedure repeated. After 
the A/th row has been read out, the 
frame cycle repeats, starting with read- 
out from the first row. If the total time 
needed to read out each row is 7^, 
then the frame period (the time needed 
to read out all N rows) is simply NT m>- In 
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By Simultaneously Reading Out Two Rows of Pixels in the customary sequence, one 
could obtain two different integration times for each pixel, thereby extending the dynamic 
range. 


this conventional scheme, the integra- 
tion time equals the frame period. 

The proposed schemes are best 
explained by the example of the sim- 
plest one (see figure). In this scheme, 
the rows and columns would be read 
out in the same sequence as in the con- 
ventional scheme, but two rows sepa- 
rated by a vertical distance of A pixels 
would be read out simultaneously. The 
lower row (denoted the nth row in the 
figure) would be read out to capacitors 
at the bottoms of the columns, as in the 
conventional scheme. The other row 
[the (n - A)th row in the figure] would be 
similarly read out to capacitors at the 
tops of the columns. 

Because each pixel would be reset at 
readout to start a new integration 


process and because the (n - A)th row 
would previously have been read (hav- 
ing previously been the lowermost of 
the two rows) only A row-readout peri- 
ods ago, the integration time for the (n 
- A)th row would be only A T^. In the 
case of the nth row, N - A row-readout 
periods would have elapsed since the 
previous readout, so that the integration 
time for the nth row would be (N - A)!™,. 
Thus, there would be two outputs from 
each pixel; one with integration time 7, 
= (N - A) 7™, the other with integration 
time T 2 = A^. In effect, the dynamic 
range of each pixel would be extended 
by the ratio between integration times, 
7V7 2 = (N - A)/ A. 

The other proposed schemes would 
be extensions and variations of the one 


described above. For example, instead 
of reading out two rows simultaneously 
to two capacitor banks, both rows 
could be read out alternately to one 
capacitor bank, at the cost of doubling 
the frame period. Alternatively, by use of 
suitably modified column-parallel cir- 
cuits, the two rows could be read out 
simultaneously to two capacitor banks, 
both located at the bottoms of the 
rows. The concept could be extended 
to simultaneous or sequential readout 
from more than two rows to provide a 
wide selection of integration periods. 
Still another option might involve reset- 
ting each pixel only once per frame peri- 
od but at other times allowing it to con- 
tinue integrating and reading it out non- 
destructively at intervals during the 
frame period to obtain different integra- 
tion times. In cases of multiple readouts 
from the same pixel during the same 
frame period, it could be desirable to 
use a buffer memory to make all the 
data from these readouts come out at 
the same time. 

This work was done by Orly Yadid- 
Pecht and Eric R. Fossum of Caltech for 
NASA’s Jet Propulsion Laboratory. 

For further information , write in 31 on 
the TSP Request Card. 

In accordance with Public Law 96- 
517, the contractor has elected to 
retain title to this invention. Inquiries 
concerning rights for its commercial use 
should be addressed to: 

Larry Gilbert, Director 
Technology Transfer 
California Institute of Technology 
Mail Code 315 - 6 
Pasadena, CA 91125 
(818) 395-3288 

Refer to NPO- 19705, volume and 
number of this NASA Tech Briefs issue, 
and the page number. 


Dual-Photodiode Edge-Displacement Sensor 

Precision is enhanced by subtraction to cancel correlated noise components. 
Marshall Space Flight Center, Alabama 


The figure schematically illustrates 
an optoelectronic sensor that mea- 
sures the lateral displacement of an 
edge; e.g., the deflection at the tip of a 
cantilever beam. Light (preferably 
coherent) from a laser diode or other 
source is carried to the edge by a fiber- 
optic cable. The light emerges from the 


tip of the fiber-optic cable, illuminating 
a nearby dual photodiode. The dual 
photodiode faces the edge, positioned 
with the centerline between the two 
photodiode segments facing approxi- 
mately the nominal zero-displacement 
position of the edge. The fraction of the 
available luminous flux incident on 


each photodiode segment depends on 
the displacement of the edge relative 
to the centerline. Thus, the displace- 
ment can be determined from the dif- 
ference between the output currents of 
the photodiodes. 

The output currents of the photodi- 
odes are converted to voltage drops 
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This Edge-Displacement Sensor achieves low-noise output by use of a coherent light 
source, a dual photodiode with a common photocathode, and differential amplification to 
suppress correlated noise components. 
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across resistors, and these voltage 
drops are fed to the two input terminals 
of a differential amplifier. The output of 
the differential amplifier is digitized and 
sent to a computer. 

The dual photodiode features a com- 
mon-cathode design; that is, one pho- 
tocathode serves as the source of elec- 
trons for both segments of the photodi- 
ode. Because of their common origin, 
the electronic noise (shot noise) cur- 
rents in both photodiode segments are 
correlated with each other to a signifi- 
cant degree. This is an advantage 
because the subtraction of signals in 
the differential amplifier causes mutual 
cancellation of the correlated noise 
components, thereby reducing the 
noise in the amplified output signal, rel- 
ative to the noise that would remain if 
two separate photodiodes (with uncor- 
related noise currents) were used. As a 
result, the precision of the displacement 
measurement is enhanced. 

The use of a coherent source of light 
in conjunction with the common-photo- 
cathode dual photodiode also helps to 
minimize the net output noise: Any fluc- 
tuations in the output of such a source 
result in correlated fluctuations in the 
illumination of the segments of the pho- 
todiode. The resulting correlated fluctu- 
ating components of the output signal 
are canceled in the same manner as 
that of the correlated shot-noise com- 
ponents. 

The computer processes the digitized 
output of the differential amplifier into an 
indication of displacement. This pro- 
cessing involves mainly lookup and 
interpolation in a set of displacement- 
vs. -differential-output calibration data. 
Calibration is accomplished with the 
help of a translation stage that can be 
used to displace the edge to known 
positions. The first step in calibration is 
to establish the zero-displacement 
(preferably the zero-differential-output) 
position. Then the edge is displaced to 
other known positions, where the differ- 
ential output values are recorded for 
use as calibration data. 

This work was done by John L. Remo 
of Quantametrics for Marshall Space 
Flight Center. For further information, 
write in 11 on the TSP Request Card . 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Marshall Space Flight Center; (205) 
544-0021. Refer to MFS-26412. 
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© Flexible Circuit Boards for 

Modular Proximity-Sensor Arrays 

Skinlike coverings of circuit boards and proximity sensors would help robots avoid collisions. 
John F. Kennedy Space Center, Florida 


Flexible printed-circuit boards and 
interchangeable electronic proximity- 
sensor modules that can be plugged 
into sockets on the boards have been 
developed to furnish proximity data to 
collision-avoidance control systems of 
robots. In typical applications, robot 
arms would be covered with flexible cir- 
cuit boards and sensor modules to form 
skinlike sensor arrays, so that in effect, 
the arms could “see” nearby objects. 

The flexible circuit boards, called 
“sensorSkin,” were designed in coordi- 
nation with the sensor modules to pro- 
vide generic sensor circuitry that can 
readily be configured for different appli- 
cations. The modules receive digital sig- 
nals from a control computer and gener- 
ate digital sensory outputs; this all-digital 
input/output scheme reduces (in com- 
parison with an analog-signal communi- 
cation scheme) vulnerability to electronic 
noise and makes the outputs of a wide 
variety of sensors compatible with the 
sensor-data-communication protocol. 

Each flexible circuit board can support 
communication between a control com- 
puter and as many as 32 sensor mod- 
ules, which are described in the following 
article, “Proximity-Sensor Modules for 
Use on Flexible Circuit Boards” (KSC- 
11874). A control computer can be con- 
nected to as many as 32 flexible circuit 
boards via a two-wire communication 
line, using a hierarchical scheme that 
enables communication between the 
computer and a total of as many as 1 ,023 
sensor modules on the 32 circuit boards. 

Each flexible circuit board is divided 
into a rectangular grid of areas called 
“nodes,” each node being allocated to 
one sensor module (see figure). Each 
node contains contact holes, into which 
a socket for a sensor module can be sol- 


dered. Redundant power and communi- 
cation buses are connected to all the 
nodes. Power is supplied to all the mod- 
ules on a circuit board via one node. In 
the hierarchical communication scheme, 
one module on a circuit board acts as a 
master, while the others act as slaves. 
Serial communications between the 
computer and the slave modules are 
routed through the master module. Any 
module can be connected and operated 
as either the master or one of the slaves. 
A flexible circuit board can be cut and 
shaped for a specific application, without 
loss of function in the remaining nodes. A 
layer of neoprene rubber and foam insu- 
lates the flexible circuit board from the 
robot arm on which it is mounted. 


This work was done by Daniel G. 
Wegerif and Thomas M. Pigoski of 
Merritt Systems, Inc., for Kennedy 
Space Center. For further information, 
write in 100 on the TSP Request Card. 

In accordance with Public Law 96- 
517, the contractor has elected to retain 
title to this invention. Inquiries concern- 
ing rights for its commercial use should 
be addressed to: 

Tom Pigoski 
Merritt Systems, Inc. 

435 Gus Hipp Blvd. Bldg B 
Rockledge, FL 32955 
(407) 632-4968 

Refer to KSC-11875, volume and 
number of this NASA Tech Briefs issue, 
and the page number. 



A Flexible Circuit Board measures approximately 12 by 24 in. (30.5 by 61 cm) and contains 
49 nodes in a 7 x 7 array. Because of limitations of the applicable serial-data-communication 
standard, only 32 nodes can be occupied by sensor modules. The extra nodes provide some 
additional options for positioning sensor modules. 


© Proximity-Sensor Modules for Use on 
Flexible Circuit Boards 

Modules are interchangeable and compatible with respect to digital communication with a computer. 
John F. Kennedy Space Center, Florida 


The sensor modules mentioned in the 
preceding article contain various analog 
transducer circuits and analog-to-digital 
converters, plus digital circuits in micro- 


controllers that communicate with a 
control computer and relieve the control 
computer of most of the burden of pro- 
cessing sensor output data. Common 


microprocessor-based digital circuitry 
and a shared communications protocol 
make all of the modules interchangeable 
and make the specific sensing media 
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invisible to the control computer. These 
design features are part of a scheme to 
provide basic sensor systems that can 
readily be reconfigured and expanded, 
accelerating and facilitating the develop- 
ment of complex sensor systems for a 
variety of applications. 

Called “smartSensors," the present 
sensor modules evolved from infrared- 
sensor modules called “sensorCells,” 
which were described in “Infrared- 
Proximity-Sensor Modules for Robot" 
(KSC-1 1608), NASA Tech Briefs , Vol. 19, 
No. 4 (April 1 995), page 1 3a. Thus far, two 
prototype modules of the “smart Sensor" 
type have been developed (see figure): 
One prototype is similar to a module of the 
“sensorCeir type in that it emits infrared 
pulses and measures the amplitudes of 
reflections of the pulses to obtain a crude 
measure of distance to nearby objects. 
The other prototype emits ultrasonic puls- 
es and measures the distances of nearby 
objects from round-trip travel times of 
reflected pulses. 

The analog signal-processing functions 
specific to the ultrasonic or infrared trans- 
mitting and receiving transducers in each 
module are implemented by special-pur- 
pose integrated circuits under the super- 
vision of the microcontroller. Each module 
also contains a serial electrically erasable, 
programmable, read-only memory (EEP- 
ROM), which stores 16 different calibra- 
tion tables to enhance performance in dif- 
ferent robot configurations or environ- 
ments. Each calibration table contains (1) 
fixed information about the type of mod- 
ule (e.g., ultrasonic or infrared), a firmware 
revision number, and calibration con- 
stants; and (2) adjustable parameters 
regarding transmitted and received signal 
levels, threshold signal values deemed to 
be indicative of detection of targets, and 
the set to which the module belongs. The 
microcontroller writes data in, and reads 
data from, the EEPROM on command 
from the control computer. 

The control computer and the micro- 
controllers in the modules communicate 
in the hierarchical scheme described in 
the preceding article, via a common two- 
wire line according to the RS-485 serial- 
communication standard. A universal 
asynchronous receiver/transmitter 
(UART) is implemented in software in 
each microcontroller. Communication 
occurs in a half-duplex mode, in which 
the communication lines are bidirectional 
but only one unit — either the control 
computer or one of the modules — can 
transmit at a given instant. 

Each module operates independently 
of the others. It warts to receive com- 
mand information, processes that infor- 
mation, performs the commanded 


action, and transmits a response if 
required to do so. The microcontroller 
has an interrupt capability that gives 
transmitted or received data total access 
to the processing resource; this feature 
makes it possible for the module to com- 
municate at the relatively high rate of 
38.6 Kb/s. 

This work was done by Daniel G. 
Wegerif and Thomas M. Pigoski of Merritt 
Systems, Inc., for Kennedy Space 
Center. For further information, write in 
99 on the TSP Request Card. 


In accordance with Public Law 96- 
517, the contractor has elected to retain 
title to this invention. Inquiries concerning 
rights for its commercial use should be 
addressed to: 

Tom Pigoski 
Merritt Systems, Inc. 

435 Gus Hipp Blvd. Bldg. B 
Rockledge, FL 32955 
(407) 632-4968 

Refer to KSC-1 1874, volume and 
number of this NASA Tech Briefs issue, 
and the page number. 
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ANALOG CIRCUITRY AND MICROCONTROLLER IN INFRARED-SENSOR MODULE 



ANALOG CIRCUITRY AND MICROCONTROLLER IN ULTRASONIC-SENSOR MODULE 



DIGITAL COMMUNICATION SCHEME FOR ONE SENSOR MODULE 


A Sensor Module contains special-purpose analog transducer circuitry, plus general-pur- 
pose digital circuitry on a microcontroller that communicates with a control computer through 
RS-485 serial interface circuits. 
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Elmwood Sensors, Paw- 
tucket, RI, has introduced 
the ERH 300 Series 
humidity sensor, which 
provides relative humidity 
measurement with high 
sensitivity over an RH 
range of 10 to 90%. It also 
can tolerate high operat- 
ing temperatures to 
250°C. The sensor oper- 
ates by generating a resis- 
tive output as a proprietary doping material on the surface of the base alu- 
mina absorbs moisture. The output impedance of the thick film changes 
according to the amount of water vapor present. When placed in an air 
path, it detects changes in RH within seconds. 

The sensor will not clog, is unaffected by most gases and temperatures, 
and eliminates the need to re-calibrate monitoring equipment. 
Applications include process control and instrumentation. 



The Thermalert® 
Ml infrared tem- 
perature sensor 

from Raytek Corp., 
Santa Cruz, CA, 
features 10:1 opti- 
cal resolution and 
provides tempera- 
ture measurement 
of small objects or 
areas from a greater 
distance. The sen- 
sor is a two-piece 
infrared thermometer consisting of a miniature (0.55” diameter and LI” 
length), stainless steel sensing head and compact electronics. 

Standard features include adjustable emissivity, user-selectable output, 
temperature range from 32°C to 932°C, and response time of 120 to 150 
mSec. It is available with 4:1 and 2:1 optics and was designed specifically 
for manufacturers of assembly equipment and process machinery. 


For More Information Write In No. 730 


For More Information Write In No. 731 


OMEGA En- 
gineering, 
Siam ford , 
CT, offers the 
S P R 1 0 1 
Series non- 
contact 
speed sen- 
sor. The unit 
was designed 
for RPM and 
speed mea- 
s u re m e n t 

applications and is capable of sensing from absolute zero to 20 KHz. It uses 
two hall effect sensors to sense any ferrous metal object at a maximum dis- 
tance of 0.5 mm. 

PNP or NPN models are available and provide a square wave output with 
an amplitude equal to the applied voltage. The sensor’s construction makes 
it suitable for use in dirty, humid, oily, or dusty environments. Prices start 
at $140. 


NTC thermistor 
sensor assemblies 

for industrial, scien- 
tific, medical, and 
military applications 
are available from 
Victory Engineering 
Corp., Springfield, 
NJ. The units offer a 
range of mounting 
options, including 
surface mount. They 
are engineered for 
stability and reliabil- 
ity and are available in standard and custom configurations. 

The assemblies are suitable for surface temperature, air/gas analysis, liq- 
uid level, and immersion applications. They are available with sensitivities 
great enough to detect temperature variations of less than one microdegree 
with standard instrumentation. The assemblies operate in conditions of 
shock, vibration, acceleration, humidity, and corrosive environments. 




For More Information Write In No. 732 


For More Information Write In No. 733 


The Advanced 
Silicon Group of 
Data Instruments, 
Acton, MA, has 
introduced the 
Sursense™ family 
of micromachined 
silicon pressure 
sensors in operat- 
ing ranges from 1” 
to 30” of water. 
The sensors mea- 
sure very low pressures, including offset errors related to gravity, tempera- 
ture sensitivity, vibration, and long-term drift. 

The sensor line includes PC -board-mountable pressure sensors for med- 
ical, OEM, HVAC, VAV (variable air volume), and instrumentation appli- 
cations. The 1" x 1" x 1" sensors are available with millivolt or amplified 
outputs. VAV pressure sensors are available with a range of 5" of water full 
scale and a 3/4 volt per inch of water output. They operate with 5 volts and 
ground, have ratiometric output, and are field mountable. 


The DCU-1602 and DCU- 
1603 liquid level monitor- 
ing sensors from Lundahl 
Instruments, Logan, UT, fea- 
ture RS-232 programmability, 
including adjustment of the 
sample rate from 1 to 16 Hz, 
scaling of the 4-20 mA span, 
averaging, and filtering. The 
self-contained units require 
no additional controller and 
contain AutoSense™ software, 
which automatically makes 
adjustments for changing environmental conditions. 

The DCU-1602 has a 4” to 72” sensing range and is encased in 2” diam- 
eter PVC. It can be mounted using the 2” NPT on the front of the unit. The 
DCU-1603 has the same sensing range and also is encased in 2" diameter 
PVC. It can be mounted using the 1” NPT on the front of the unit. Both 
models are sealed against dust and moisture and are resistant to vibration. 




For More Information Write In No. 734 


For More Information Write In No. 735 
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O Electronic Components 
and Circuits 


Patch Rectenna for Converting Microwave to dc Power 

The antenna and microstrip filter and rectifier circuitry are mounted 
on dielectric substrates. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A lightweight planar structure con- 
tains an antenna for receiving microwave 
power, plus filter and rectifier circuitry for 
converting the microwave power to dc. 
This antenna is a prototype component 
of systems for wireless delivery of elec- 
tric power in industrial applications and 
perhaps to airborne instrumentation. 

The antenna structure (see figure) 
comprises a square planar array of iden- 
tical unit cells. The antenna is configured 
to receive microwave power in two 
orthogonal linear polarizations and is 
thus also able to receive in circular polar- 
ization. The basic antenna elements are 
square copper patches, which are 
above and separated from a copper 
ground plane by a layer of dielectric 
material. The filter and rectifier circuits 
and the dc output coupling conductors 
are registered with the overlying anten- 
na patches and are located below the 
ground plane, separated from the 


ground plane by another layer of dielec- 
tric material. 

Coupling between each antenna 
patch and its underlying filter and rec- 
tifier circuit takes place via two orthog- 
onal slots in the ground plane: this cou- 
pling scheme eliminates the need for 
via holes and conductors, thus facili- 
tating construction with simple sheets of 
lightweight dielectric foam. The filter 
and rectifier circuits are implemented as 
a square array of microstrip impedance- 
matching transmission lines, butterfly- 
shaped microstrip filters, and rectify- 
ing diodes. The nearby ground plane 
improves the thermal performance of 
the circuitry. The overall resonant re- 
sponse of the square antenna patches 
and the filter circuits helps to sup- 
press both harmonic radiation and cou- 
pling to unwanted source frequencies. 
Tests under various conditions at a fre- 
quency of 8.51 GHz indicated overall 


power-conversion efficiencies ranging 
from about 25 to about 61 percent. 

This work was done by Larry W. Epp, 
Hugh K. Smith, Abdur R. Khan, and R. 
Peter Smith of Caltech for NASA’s Jet 
Propulsion Laboratory For further 
information, write in 85 on the TSP 
Request Card . 

In accordance with Public Law 96- 
5 1 7, the contractor has elected to retain 
title to this invention. Inquiries concern- 
ing rights for its commercial use should 
be addressed to: 

Larry Gilbert, Director 
Technology Transfer 
California Institute of Technology 
Mail Code 315-6 
Pasadena, CA 91 125 
(818) 395-3288 

Refer to NPO- 19580, volume and 
number of this NASA Tech Briefs issue, 
and the page number. 




Copper Ground Plane 
35 pm 


UNIT CELL 


MICROSTRIP FILTER AND RECTIFIER CIRCUITS 
UNDER AN ARRAY OF FOUR ANTENNA PATCHES 


Diode 


Dielectric Layer 
(Duroid 5880 or Equivalent) 
0.508 mm Thick 
£, = 2.2 


Note: e r denotes relative permittivity. 


Polyimide Film 
50 pm Thick 


Dielectric Foam 
(Rohacell 31 or Equiv.) 
1.0 mm Thick 
e r = 1 


Copper Patch: 13.45 x 13.45 mm 
35 pm Thick 


Multiple Square Units are joined in a planar array to receive and rectify microwave power. 
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AMP Simulation. It’s how top electronics companies 
make it right before they make it real. 



Companies like Hewlett-Packard, 
Hughes Network Systems and NEC 
America can’t wait 
while signal integrity 
and EMI problems create repeated 
design and prototype cycles. Especially 
when they’ve got a market waiting. 
That’s why they head a list of more 
than 100 computer, communications and 
other electronics companies that utilize 
AMP to model, simulate and analyze 
the signal integrity of their designs, 
before layout, to assure optimum 
system performance. The first time . 
AMP Simulation finds and fixes 

WL1M Hewlett* reflections, 

\!ttm Packard cross-talk, 

ground bounce, propagation delays, 
timing errors, false switching, EMI, 


For more information about AMP Simulation capabilities, call 1-800-522-6752 (fax 717-906-7575). AMP Incorporated, 
Harrisburg, PA 17105-3608. In Canada, call 905-470-4425. On the Internet al http://www.amp.com 


For More Information Write In No. 622 


and all the other interconnection 
problems that can turn even a logically 
correct design into a frustrating 
series of re-designs. What’s more, 
we’ll take that perfected design into 
layout and provide prototypes to 
your time-to-market schedule. And, 
of course, AMP can handle all your 
production needs. HUGHES 
Join the more than 
100 companies that know-when it’s 
time to make a design real, it’s 
already right. With AMP Simulation . 


Connecting 

Higher 

level." 



AMP and Connecting at a HIGHER level are 



Sferic-Simulating Circuit 

This circuit simulates very-low-frequency signals 
from lightning strikes. 

Goddard Space Flight Center, Greenbelt, Maryland 
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♦ 250 MSPS, 2 GS/s 
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♦ Up to 16 Cards in 
one Industrial PC 

♦ Drivers for: 

DOS, QNX 

Win 3.1, Win ’95 
Win NT 

♦ Support for: 

HP VEE, LabVIEW, 
LabWindows CVI 

♦ Many Other Models 


Cain -800-567-GAGE 

4 2 4 3 


Ask for extension 3437 



GAGE APPLIED SCIENCES (U.S.) INC. 

1233 Shelburne Road, Suite 400 

South Burlington, VT 05403 

Tel: (800) 567-4243, Fax (800) 780-8411 

e-mail:prodinfo@gage-applied.com 

Web Site: http://www.gage-applied.com 

From Outside the U.S, contact 
Gage Applied Sciences Inc. 

Tel: 514-337-6893, Fax: 514-337-8411 


The circuit of Figure 1 generates a 
signal that simulates the waveform 
of a sferic — the very-low-frequency 
electromagnetic signals generated by 
lightning strikes. This circuit is de- 
signed to test and calibrate lightning- 
detecting instruments. 


Typically, lightning-detecting instru- 
ments have been calibrated and test- 
ed by use of single-frequency signals 
or broadband noise sources which do 
not have the spectral characteristics 
of sferics. This circuit generates a 
bipolar pulse waveform that closely 



Notes: 1. Capacitors 20 nF 2. Resistors IkO 3. Operational Amplifiers LF353 


Figure 1 . The Sferic Simulator generates a bipolar pulse signal like that radiated by light- 
ning when triggered by a fast-rising square wave. 



Figure 2. The Output Waveform generated by the sferic simulator resembles a real sferic 
and a sferic simulated by use of a mathematical model. 


For More Information Write In No. 408 
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approximates the main features of sfer- 
ics (see Figure 2). 

The circuit contains few components. 
The circuit assembly is light in weight 
and compact; even a “breadboard” ver- 
sion could fit in a square 1 .5 in. (about 
3.8 cm) on a side. 


To insure that the output waveform 
has the desired shape, the trigger pulse 
fed to the input terminal of this circuit 
must be a square wave with rise and fall 
times less than 100 ns. To prevent coa- 
lescence of sequential output pulses, 
the square-wave pulse-repetition fre- 


quency should be kept at or below 
3,000 Hz. 

This work was done by William M. 
Farrell and Jeffrey G. Houser of God- 
dard Space Flight Center For further 
information , write in 28 on the TSP 
Request Card. GSC-13627 


Zinc/Air Cell With Collapsible Foam Backing for Anode 

The foam backing yields to accommodate expansion of the anode during discharge. 
Lyndon B. Johnson Space Center, Houston, Texas 


The figure shows an example of a 
zinc/air electrochemical power cell that 
incorporates a collapsible foam back- 
ing for the anode. The anode (as zinc 
powder) is an integral part of a gel-mate- 
rial unitary electrode component that 
also contains the electrolyte (an aque- 
ous solution of potassium hydroxide) 
and a gelling agent. During discharge, 
the zinc is oxidized, and the resulting 


zinc oxide occupies more volume than 
the zinc does. The volume of the anode 
at full discharge is about 20 percent 
greater than when the cell was fresh. 

If expansion space is not provided in 
the cell, this expansion of the anode 
during discharge can cause bulging 
and even rupturing of the cell, and rup- 
turing can cause leakage of electrolyte. 
The foam backing provides some 


structural support for the anode, and 
yields to accommodate the expansion 
of the anode. 

The foam is supported by a plastic 
tray with small holes. A porous 
hydrophobic membrane is placed under 
the foam to cover the holes, and the 
edges of the membrane are sealed to 
the tray. Gases squeezed out of the 
foam by expansion of the anode are 
vented through the holes. The mem- 
brane allows the gases, but not the elec- 
trolyte, to flow through the holes. 

This work was done by Ronald A. Putt 
of Matsi, Inc., for Johnson Space 
Center. For further information, write 
in 10 on the TSP Request Card. 

In accordance with Public Law 96- 
5 1 7, the contractor has elected to retain 
title to this invention. Inquiries concern- 
ing rights for its commercial use should 
be addressed to: 

Matsi, Inc. 

Glenn Woodruff, President 
430 10th St NW, Suite S-007 
Atlanta, GA 30318-5768 
(404) 876-8009 

Refer to MSC-22437, volume and 
number of this NASA Tech Briefs issue, 
and the page number. 


Electrically Cathode-Current-Collecting Porous Carbon Cathode Electrically 



The Foam Yields To Accommodate Expansion of the Anode during discharge of the cell. 
The hydrophobic membrane allows gases to be vented through the holes but prevents leak- 
age of electrolyte. 


Structural Supports for Large Gel-Type Zinc Anodes 

These supports hold anodes firmly against separators and cathodes. 

Lyndon B. Johnson Space Center, Houston, Texas 


Structural members have been de- 
vised to provide additional support 
for gel-type zinc anodes in large elec- 
trochemical power cells like the larg- 
er versions of the popular commercial 
button- and prism-shaped zinc/air 
cells. Previously, cells of this type with 
diameters greater than about 0.5 in. 
(1.3 cm) had been observed to lose 
more than about half their initial dis- 
charge capacities when exposed to 


the shocks and vibrations of normal 
handling and transport. 

These losses of discharge capacity 
were attributed to the formation of gaps 
between the anodes and the adjacent 
separator-and-cathode structures. The 
gaps made it impossible to take full 
advantage of the large surface areas 
and ample interstitial electrolyte of- 
fered by gelled zinc anodes. The gaps, 
in turn, were attributed to two causes; 


1 . Although the gel-type zinc anodes are 
highly viscous, they are nevertheless 
fluid and capable of movement. 

2. A volume filled with a mat or a foam 
pad had been provided on the back of 
each anode (on the side of the anode 
opposite the separator) to accommo- 
date expansion of the anode during 
discharge. During handling and trans- 
port, the anode tended to move into 
this space; the pad or mat did not 
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provide firm enough support to pre- 
vent such movement. 

The present concept of adding struc- 
tural members to provide additional sup- 
port to anodes was influenced by the 
observation that in smaller cells, the vis- 
cosity of the anode material appears to 
suffice to hold the anodes in place. 
Accordingly, such a structural member 
typically consists of a honeycomb or a 
serpentine ribbon that divides the anode 
gel into relatively small pockets that are 
held firmly in place against the separator. 


The member rests directly on the bottom 
of the cell and rises to meet the separa- 
tor and the cathode. If the member is 
made of copper, zinc, or brass, it can 
also serve as the anode current collector, 
thereby improving the collection of cur- 
rent and eliminating the need for addi- 
tional current-collecting parts. 

This work was done by Ronald A. Putt 
of Matsi, Inc., for Johnson Space 
Center. For further information, write 
in 4 on the TSP Request Card. 

In accordance with Public Law 96- 


517, the contractor has elected to retain 
title to this invention. Inquiries concerning 
rights for its commercial use should be 
addressed to: 

Matsi, Inc. 

Glenn Woodruff, President 
430 10th St. NW, Suite S-007 
Atlanta, GA 30318-5768 
(404) 876-8009 

Refer to MSC-22438, volume and 
number of this NASA Tech Briefs issue, 
and the page number. 


Preventing Shrinkage of Gel-Type Zinc Anodes 

A chemically inert filler is used. 

Lyndon B. Johnson Space Center, Houston, Texas 


Tests show that a chemically inert filler 
in gel-type zinc anodes in electrochemi- 
cal power cells helps to preserve the 
discharge capacity that would otherwise 
be lost as a result of dryout during long 
storage. This is an important develop- 
ment because gel-type zinc anodes are 
used in the popular commercial alka- 
line/manganese dioxide power cells. 

In making a gel-type zinc anode, zinc 
powder is blended with a potassium 
hydroxide electrolyte that contains a 


gelling agent. Some cells that contain 
gel-type zinc anodes lose more than 50 
percent of original discharge capacity in 
this way. The loss of capacity has been 
attributed to shrinkage of the gelled 
anodes away from separators and cath- 
odes; the air gaps caused by the shrink- 
age prevent the anodes from discharg- 
ing efficiently at design current densities. 

One suitable chemically inert filler 
material is Grade 31 White Nylon Flock 
(or equivalent). When added to an anode 


in a suitable amount (2 weight percent), 
this material causes the anode volume 
to remain the same, wet or dry, yet does 
not physically bind the electrolyte or the 
solvent water and does not degrade 
electrochemical performance. 

This work was done by Ronald A. Putt 
of Matsi, Inc., for Johnson Space 
Center. For further information, write 
in 5 on the TSP Request Card. 

In accordance with Public Law 96- 
517, the contractor has elected to 
retain title to this invention. Inquiries 
concerning rights for its commercial 
use should be addressed to: 

Matsi, Inc. 

Glenn Woodruff, President 
430 10th St. NW, Suite S-007 
Atlanta, GA 30318-5768 
(404) 876-8009 

Refer to MSC-22439, volume and 
number of this NASA Tech Briefs issue, 
and the page number. 


Improved 
Separators for 
Zinc/Air Cells 

Anode utilization is 
increased significantly. 

Lyndon B. Johnson Space 
Center, Houston, Texas 

Improved separators have been con- 
ceived for use between the zinc and 
oxygen electrodes in zinc/air electro- 
chemical power cells. The improved 
separators reduce oxidation of the zinc 
electrodes, thereby helping to preserve 
anode utilization and discharge capacity. 


Amazing 
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Earth — is now captured in a gorgeous 
limited-edition wall poster. 

Only $7.95 each. 

Kush me Hubble poster(s) at 

$7.95 each plus $5.00 for actual size: x 18-3/4- 

shipping (in tube), r/v residents add sales tax to total. 

Total $ 

Hame 

Company 

Address 

City /St/Zip 

Phone Mo. 

□ Check enclosed 

(payable to Associated Business Publications) 

Charge my: □ VISA □ Mastercard □ AmEx 

Card Mo. /Expiration: 

Signature: 

Mail to: Assoc. Business Publications, Dept. F, 317 Madison Ave., 
Mew York, MY 100 17. Or fax to: (2 12) 986-7864. 
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The separators in common use (e.g., 
Celgard®) are microporous and are used 
to prevent electrical short circuits be- 
tween the zinc and oxygen electrodes. 
While the microporous separators pre- 
vent shorting, they allow oxygen gas 
to reach and chemically attack the zinc 
during operation. The resulting oxida- 
tion of the zinc can reduce cell capac- 
ity by as much as 50 percent. The rate of 
attack by oxygen in a fresh cell is rela- 
tively low, but increases during dis- 
charge as the zinc electrode becomes 
drier and the zinc oxide discharge prod- 
uct exposes increasing surface area 
to attack. 


According to the present concept of 
improved separators, the microporous 
separator in a cell is either replaced by, 
or augmented with, a semipermeable 
membrane that allows passage of ions 
and other dissolved species, but not of 
gaseous oxygen. Examples of such semi- 
permeable membranes include ion-ex- 
change membranes and cellophane. In a 
test of this concept, a cellophane mem- 
brane was added to a microporous sep- 
arator in a prismatic zinc/air cell. As a 
result of this modification, the anode 
utilization was increased, from the previ- 
ous range of 50 to 80 percent, to a value 
over 90 percent. 


This work was done by Ronald A. Putt of 
Matsi, Inc., for Johnson Space Center. 

No further documentation is available. 

In accordance with Public Law 96- 
517, the contractor has elected to retain 
title to this invention. Inquiries con- 
cerning rights for its commercial use 
should be addressed to: 

Matsi, Inc. 

Glenn Woodruff, President 
430 10th St. NW, Suite S-007 
Atlanta, GA 30318-5768 
(404) 876-8009 

Refer to MSC-22440, volume and num- 
ber of this NASA Tech Briefs issue, and 
the page number. 


Low-Power, Microprocessor-Controlled 
Strain-Gauge Circuit 

Power is turned on briefly during sampling periods. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A microprocessor-controlled strain- 
gauge circuit operates intermittently to 
save energy. The circuit is designed to 
be energized by a 9-V battery of the type 
commonly used in many commercial 
electronic circuits. 

Because a typical strain gauge has a 
resistance of about 120 £2, it draws a 
current of about 75 mA from a 9-V bat- 
tery. At this level of current, if the gauge 
operates continuously, it quickly dis- 
charges the battery. A typical strain- 
gauge circuit also includes an amplifier, 
which contributes further to the drain on 
the battery. By operating intermittently at 
full power instead of continuously, the 
present circuit consumes less time-aver- 
aged power. 

This circuit includes a strain gauge in a 
Wheatstone bridge, an electronic switch, 
an amplifier, a multiplexer, and a micro- 
processor. The microprocessor includes 
timing circuitry that controls the intermit- 
tent operation of the rest of the micro- 
processor, the amplifier, the multiplex- 
er, and the Wheatstone bridge. Under 
control of the timing circuitry, the elec- 
tronic switch applies battery voltage to 
the Wheatstone bridge only during brief 
sampling periods. The amplifier and the 
part of the microprocessor that process- 
es the gauge readings are also turned on 
only during the sampling periods. 

During each sampling period, the tim- 
ing-and-control part of the microproces- 
sor coordinates the operation of the 
multiplexer and the rest of the micro- 
processor to make the rest of the micro- 
processor read (1) the voltage applied to 
the Wheatstone bridge, then (2) the 


amplified output from the bridge. The 
microprocessor then divides the ampli- 
fied output of the bridge by the voltage 
applied to the bridge to obtain a normal- 
ized strain reading that is independent 
of any decrease in battery voltage and 
of any voltage drop in the electronic 
switch. 

The sampling rate can be set at any 
value up to several hundred hertz; for 
example, a prototype of the circuit oper- 
ated at a sampling rate of 300 Hz and 
was found to be capable of yielding data 
on vibrations at frequencies up to 30 Hz. 


The decrease in power consumption 
depends on the sampling rate and the 
duration of the sampling period. The 
power consumed by this circuit in typ- 
ical applications could range from 
about 1/100 to as little as 1/1 ,000 the 
power consumed by a continuously 
operating strain-gauge circuit. 

This work was done by Harold 
Kirkham and Shannon Jackson of 
Caltech for NASA’s Jet Propulsion 
Laboratory For further information, 
write in 74 on the TSP Request Card. 
NPO-19750 


Wheatstone Bridge 

Electronic Switch Containing Strain Gauge 



Output 


This Circuit Takes Strain-Gauge Readings Repeatedly during brief sampling periods. The 
rest of the time, the main power-consuming parts of the circuit are turned off. Thus, the time- 
averaged power consumption is much less than that of a continuously operating strain-gauge 
circuit. 
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Automated Testing of Solar Photovoltaic Arrays 

Time-consuming, error-prone manual testing is no longer necessary. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A system of computer-controlled 
electronic test equipment has been 
developed to automate the electrical 
testing of arrays of solar photovoltaic 
cells. The system, called the “Solar 
Array Ground Support Equipment 
Testbed” (SAGSET), was designed 
specifically for diagnosis of solar arrays 
on spacecraft, and can readily be 
adapted to use on terrestrial solar 
arrays. In comparison with manual 
testing, the use of the SAGSET is eas- 
ier and more accurate, and takes 
about one-fifth as much time. 

The SAGSET includes test hardware 
(see figure), a control computer, and 
software that is executed on the com- 


puter to control a selected test. The 
computer accepts, as input, the speci- 
fications of the array. Then the comput- 
er controls the testing consistent with 
the specifications; logging measure- 
ment data while generating a display of 
pass/fail condition, test-equipment 
activity, and the identity of the string of 
cells being tested. This appears to be 
the first computer-controlled, automat- 
ed diagnostic system capable of test- 
ing individual strings of solar photo- 
voltaic cells within arrays. 

At the stage of development when 
the information was reported for this 
article, the SAGSET was capable of 
performing the following tests: 


• Bus Isolation — Determine 
whether the + and - panel buses 
are isolated from the substrate by 
more than 5 MQ. 

• String Isolation — Determine 
whether each string in the array is 
isolated from the substrate by 
more than 5 MQ. 

• Diode Forward Conductance — 
Determine whether each pair of 
blocking diodes conducts with a 
potential drop of about 0.7 V. 

• Diode Reverse Leakage — 
Determine whether each pair of 
blocking diodes has leakage cur- 
rent of < 1 |jA. 

• String Continuity — Determine 



The Test Hardware, operating under computer control, automatically measures electrical parameters of strings of solar cells in an array. For 
safety, the power supply includes crowbar circuitry, a fuse in common output line, blocking diodes for reversal of voltage, and current and volt- 
age limiting. 
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whether, in the dark, each string of 
cells conducts at about 20 percent 
of short-circuit current when a 
potential of about 0.9 V x the num- 
ber of cells is applied to the string. 

• String Capacitance — Determine 
whether, in the dark, the capaci- 
tance of each string of cells is with- 
in ±1 percent of the baseline capac- 
itance (nominally 25 nF for a 40-cell 


string in the original spacecraft 
application). The system is required 
to detect a decrease of 0.83 per- 
cent in the capacitance of a string; 
in the case of the 40-cell string of 
the original application, this is equiv- 
alent to being capable of detecting 
the loss of 1/4 of one cell. 

After further development, the 
SAGSET is expected to be able to per- 


form several additional tests, including 
determination of current-vs. -voltage 
output curves of illuminated strings. 

This work was done by Dale R. 
Burger, Robert L Mueller, Chris Evans, 
and Hung Ta of Caltech for NASA’s Jet 
Propulsion Laboratory. For further 
information, write in 35 on the TSP 
Request Card. 

NPO-19753 


Microwave Measurements of Speeds of 
Food Particles in Pipes 

These measurements would help to ensure sterilization in food-processing plants. 
Lyndon B. Johnson Space Center, Houston, Texas 


Microwaves can be used to measure 
the times of transit of selected food 
particles along pipes in industrial food- 
processing equipment. Typically, a food 
mixture pumped along such a pipe 
consists of liquid and solid compo- 
nents at a temperature of 270 to 285 
°F (132 to 141 °C) and pressure of 60 
psig (gauge pressure of 0.41 MPa). 
The purpose of measuring transit times 
is to determine whether the food has 
been kept hot enough for a time long 
enough to ensure sterilization. 

The measurement concept is based 
partly on recognition that there is a dis- 
tribution of velocities of food particles 
within a pumped food stream. If the 
shortest time of transit of any particle in 


a statistically representative group of 
particles between two measurement 
locations along the pipe exceeded the 
minimum time needed to accomplish 
sterilization at the temperature of the 
stream, then the food in the stream 
could be assumed to be sterilized. 
Both maximum and mean velocities 
can also be obtained from the mea- 
surements to prevent overcooking. 

As shown in Figure 1, two pairs of 
microwave transducers would be 
used; one at the upstream and one at 
the downstream measurement loca- 
tion. At both locations, the pipe (or at 
least transducer windows built into the 
pipe) would have to be transparent to 
microwaves. Each transducer pair 


would comprise a microwave transmit- 
ting antenna, a microwave receiving 
antenna, and impedance-matching 
dielectric blocks fitted to the pipe. The 
food particles for use in the measure- 
ments would be marked (that is, made 
to respond to microwaves in a distinct 
manner) by inserting small pellets of 
low-density metal, dipoles resonant at 
the microwave frequency, or diodes (to 
generate harmonics). 

The marked particles would be 
injected into the food stream some- 
where upstream of the upstream mea- 
surement location. As the marked par- 
ticles passed the upstream measure- 
ment location, characteristic signal 
peaks or valleys (e.g., increases or 



Figure 1 Microwave Transducers Would Detect the passage of marked food particles. 
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decreases in reflected or transmitted 
power, changes in phase, or generation 
of harmonics) would be detected via the 
upstream pair of transducers. Similar 
peaks or valleys, delayed by transit 
times and spread out because of the 
distribution of velocities, would be 
detected when the particles passed by 
the downstream pair of transducers 
(see Figure 2). The time between the 
last peak or valley detected by the 
upstream transducers and the first peak 
or valley detected by the downstream 
transducers would be deemed to be 
the minimum transit time of any particle 
in the stream. 

This work was done by G. D. Arndt of 

Johnson Space Center and J. R. Carl 
of Lockheed Engineering and Sciences 
Co. For further information, write in 53 
on the TSP Request Card. 

This invention is owned by NASA, and 


a patent application has been filed. 
Inquiries concerning nonexclusive or 
exclusive license for its commercial 


development should be addressed to the 
Patent Counsel, Johnson Space Center; 
(713) 483-4871 Refer to MSC-22451. 



Figure 2 Times Between Characteristic Signals generated during passage of marked par- 
ticles by the upstream and downstream transducers would be measured. For the purpose of 
ensuring sterilization, the shortest measured transit time would be taken to indicate the min- 
imum time spent by any particle at the temperature of the stream. 


Null-Stabilized Active Hand Controller 

Oscillations are suppressed without loss of crisp feel. 

Lyndon B. Johnson Space Center, Houston, Texas 


An improved active hand controller 
retains stability in its null zone without 
loss of crisp feel in the operator’s hand. 
The control principle may be suitable 
for a variety of hand-controlled vehi- 
cles, including motorized wheelchairs. 

In general, an active hand controller 
tends to become unstable in its null 
zone, where its force-versus-displace- 
ment curve passes through zero, 
because of nonlinearity in the curve 
and backlash in an associated gear 
train. The usual remedy is to employ 
rate damping, which desirably 
enhances stability but undesirably 
slows transient response. In addition, 
excessive rate damping makes a hand 
controller feel viscous or sluggish to 
the user. 

In the improved active hand con- 
troller, rate damping is increased only 
in a small region about null. A breakout 
circuit (see figure) produces a discrete 
breakout torque command, either pos- 
itive or negative, depending on 
whether the position signal is positive 
or negative. Unless the position signal 
is exactly zero, the breakout amplifier 
commands a large motor torque. A 
comparator controls a switch that 
increases or decreases the gain of the 
rate-control loop, depending on the 
position of the control actuator. When 
the position is within a small region 
around null, the comparator increases 


the rate-control -loop gain, damping 
out the oscillations that occur at null. 

This work was done by William W. 
Gregory and James Kauffman of 


Honeywell, Inc., for Johnson Space 
Center. For further information, write 
in 14 on the TSP Request Card. 
MSC-22131 
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The Control Circuitry associated with the improved active hand controller includes a limit 
comparator that commands an increase in rate damping near the null position. 
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Transient Thermal Testing of a 
Flight-Test Article 

Controlled radiant heating in a laboratory simulates in-flight thermal conditions. 
Dryden Flight Research Center, Edwards, California 



Figure 1 . A Radiant Heater in the Flight Loads Laboratory at Dryden Flight Research Center 
contains 234 heat lamps attached to stainless-steel reflectors and divided into 39 tempera- 
ture-control zones. 


A method of controlled radiant heat- 
ing enables laboratory simulation of the 
transient aerodynamic heating that 
occurs on a flight-test article during 
high-speed flight. In the original appli- 
cation for which this method was 
devised, the flight-test article was a 
device called a “wing glove.” This 
device was designed to be mounted 
on the wing of an air-launched space- 
craft-booster rocket to obtain data on 
cross-flow boundary-layer transition in 
the speed range of mach 6 to 8. The 
glove was designed to maintain a spe- 
cific aerodynamic shape during the 
extreme aerodynamic heating encoun- 
tered along the trajectory of the boost- 
er rocket. 

Ground tests were required to be 
performed to simulate the flight of the 
booster rocket from the drop condi- 
tions of approximately mach 0.8 at an 
altitude of 40,000 ft (12 km), through 
first-stage burnout at approximately 
mach 8 at 200,000 ft (61 km). These 
conditions translated into temperatures 
on the glove ranging from -30 °F (-34 
°C) at launch to 500 °F (260 °C) at first- 
stage burnout. New laboratory test 
techniques that, together, constitute 
the present controlled-radiant-heating 
technique were developed to enable 
simulation of the thermal conditions 
encountered in flight (see figures). 

The design of the glove posed some 
testing problems that were solved by 
the development of these techniques. 
The glove included a thick leading 
edge plus relatively thin upper and 
lower skins. The thick leading edge 
acts as a heat sink. The large variation 
in the thickness of the glove material 
and structure presented the most sig- 
nificant challenge in the laboratory 
application of heating loads. Although 
closed-loop temperature control pro- 
duced acceptable results on the thin- 


skin portion of the glove, difficulties 
were encountered while attempting to 
utilize closed-loop temperature control 
on the thick leading edge. The thick- 
ness of the leading edge and the 
nonuniform thermal gradients required 
at the leading edge produced a set of 
conditions well outside the control 
envelope of the system used for 
closed-loop temperature control. 

Accordingly, an important element of 
the present method is a technique for 
programming the temperature-control 
system to follow prescribed heat-flux 


profiles in an open-loop mode. A test 
was performed at a constant power 
level to obtain a calibration for heat flux 
per power level. Predicted flight heat 
fluxes as functions of time could then 
be turned into heating-power levels as 
functions of time. These power-level 
histories were entered into the temper- 
ature-control-system computer and 
used to run transient thermal tests. The 
measured and desired temperature- 
vs.-time history for each test could 
then be used to adjust the heat-flux 
profiles by the following equation: 
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Figure 2. The Radiant Heater Is Shown in Use in a radiant-heating test. The heater pro- 
duced heat fluxes up to 30 Btu/(ft 2 -s) (3.4 x 105 W/m 2 ) in the most brightly lit areas. 


Aq(t) = pC p z 


AT p (At) A T m (At) S 


At 


At 


where 
Ag = 

differential heat flux, 

t 

time, 

P = 

mass density of material, 

Cp = 

specific heat of material, 

I = 

nominal thickness, 

T = 

temperature 


( A ^) = slope of the predicted 
At 

temperature-vs.-time profile, and 

= slope of the measured 
At 

temperature-vs.-time profile. 

The differential heat flux was calculat- 
ed from this equation (using an experi- 


mentally adjusted thickness x). A new 
power-level command profile would be 
determined, and the transient test 
would be run again. Generally, one or 
two iterations produced acceptable 
results. 

This testing method made it possible 
to obtain measured temperature-vs.- 
time profiles acceptably close to the 
desired profiles. Results of tests indicat- 
ed that closed-loop control yielded 
errors of the order of ±5 °F (±2.8 °C) on 
the thin-skin areas of the glove. The 
open-loop technique was found to yield 
temperatures within about ±20 °F (±11 
°C) of the desired profiles, satisfying 
program requirements. 

This work was done by Thomas J. 
Horn and W. Lance Richards for 
Dryden Flight Research Center. For 
further information, write in 68 on the 
TSP Request Card. 
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Materials 



Epitaxial Growth of 2H Silicon Carbide 

Applications could include high-temperature, high-frequency electronics and 
ultraviolet laser diodes. 

Lewis Research Center, Cleveland, Ohio 


A thin film of 2H silicon carbide 
has been grown on a 6H silicon carbide 
substrate by use of a laser ablation 
technique. This achievement raises 
the prospect of further development 
of advanced electronic, optoelec- 
tronic, and electro-optical devices 
based on SiC. 

Some background information will 
enhance the appreciation of this 
achievement. Silicon carbide is a large- 
band-gap semiconductor with high 
physical and chemical stability at tem- 
peratures in excess of 1,000 °C. It 
occurs in more than 100 different crys- 
talline structures called “polytypes,” 
each of which involves a unique stack- 
ing of two variants of a basic tetrahe- 
dral SiC unit along the c axis. Each 
polytype exhibits either a cubic (C), a 
hexagonal (H), or a rhombohedral (R) 
symmetry. Each polytype is denoted by 
a number and a letter (e.g., 3C or 2H); 
the number denotes the number of 


tetrahedrons in the unit cell of the crys- 
talline structure, and the letter denotes 
the symmetry type. The band gaps in 
these polytypes range from 2.39 eV in 
the case of 3C SiC to 3.3 eV in the 
case of 2H SiC. 

Silicon carbide in bulk form is usual- 
ly grown by a sublimation technique: 
Single-phase crystals of the 4H, 6H, 
and 15R polytypes of SiC have been 
grown by this technique. Single-crystal 
epitaxial films of the 6H and 3C poly- 
types have been grown by chemical 
vapor deposition and by molecular- 
beam epitaxy on both single-crystal sil- 
icon and silicon carbide substrates. W. 
F. Klippenberg suggested in 1 963 that 
2H SiC should be the stable equilibri- 
um phase in the temperature range of 
1 ,300 to 1 ,600 °C, but until now, 2H 
SiC was produced only in the form of 
small whisker crystals. 

The experiment in which the thin film 
of 2H SiC was grown was performed in 


a high-vacuum chamber at a pressure 
of about 10" 6 torr (about 10" 4 Pa). The 
6H SiC substrate on which the film was 
to be deposited was heated to a tem- 
perature of about 1,300 °C. A KrF 
excimer laser operating at a wave- 
length of 248 nm and 2 pulses per sec- 
ond was focused onto a target made 
of polycrystalline 3C SiC, causing a 
plasma to emanate from the target. 
The center of this plasma was directed 
toward the center of the substrate. In 
this laser ablation process, a layer of 
2H SiC approximately 200 nm thick 
was grown. 

The polytype of the deposited film 
was determined by use of electron dif- 
fraction and transmission electron 
microscopy of a cross-sectional speci- 
men prepared by the standard sand- 
wich technique. The figure shows a 
high-magnification, high-resolution 
electron micrograph of two columnar 
2H SiC grains and the interface 
between them. The traces of the basal 
planes are 0.5 nm apart, as marked on 
the figure. 

Potential uses for 2H and other poly- 
types of SiC include ultraviolet laser 
diodes, high-speed electronic devices, 
and high-temperature electronic 
devices. Because of the difference (0.9 
eV) between the band gaps of the 2H 
and 3C polytypes, it may be possible 
to fabricate extremely-high-mobility 
electronic devices with deep quantum 
wells if epitaxial structures containing 
sequentially grown 2H and 3C poly- 
types can be produced. 

This work was done by Joseph D. 
Warner of Lewis Research Center, 
Martin O. Patton and Mark A. Stan of 
Kent State University, and Jinwei Yang 
and Pirouz Pirouz of Case Western 
Reserve University. For further informa- 
tion, write in 22 on the TSP Request 
Card. 

LEW- 15988 



This Electron Micrograph shows two 2H SiC columnar grains and the interface between 
them. Except for a few faults (especially near the top) wherein small regions have the 3C 
structure, the grains are relatively free of defects. Notice that at the interface between the 
grains, the basal planes are nearly continuous. 
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The World 
Standard 

in Real-Time 


In the world of real time data recording, 
there is no room for compromise because the 
incoming data is priceless. Decisions need to 
be made instantaneously as the recording 
takes place -in real time. Engineers doing 
aerospace telemetry, automotive testing, 
electrical power transmission or telecommuni- 
cations analysis, have made the Astro-Med 
MT95K2 the world standard because of its 
recording power and reliability. 

For detailed information and engineering 
specifications call, fax, or E-mail 
Astro-Med today. 


I No Delay... see full traces on monitor 
while recording 

l On-Board Data Analysis as well as by host 
program 

Patented TWin Printhead Design... 300 dpi 
laser printer resolution for clear, crisp traces 

On-Board Signal Conditioning for voltage, 
temperature, pressure and strain recording 

I Front Panel Floppy Drive for personal 
chart and system setups 

Data Capture.. .store up to 32 megabytes in 
RAM; 1 gigabyte to internal hard drive; 
stream to external 2 gigabyte drive via SCSI; 
archive to DAT or floppy drive 

8 to 32 Waveform Channels... plus 32 
events; DC to 20 kHz; chart speeds to 500 
mm/sec 

I Record digital data via ethernet, SCSI, 
GPIB, or parallel interfaces 


Astro-Med', Inc. 

Astro-Med Industrial Park, West Warwick, 

Rhode Island 02893 • Telephone: (401) 828-4000 
Toll Free: 800-343-4039 • Fax: (401) 822-2430 
E-mail: astro-med@astro-med.com 
Web Site: http://www.astro-med.com 
Astro-Med is System Certified to ISO 9001 

Sales and Senice Centers throughout the U.S., Canada 
and Europe. Dealers located throughout the world. 



For More Information Write In No. 657 


Making Pure Oxide Powders 

Rods are burned in pure oxygen. 

Lyndon B. Johnson Space Center, Houston, Texas 


The figure illustrates a combustion 
chamber for making a powdered oxide 
(usually of a metal) in a single process 
step. A rod of the metal or other mate- 
rial is mounted vertically in the cham- 
ber, and an electrical igniter is placed 
at its lower end. The chamber is 
sealed and filled with oxygen at a suit- 
able pressure, which could be as 
much as 104 psig (about 70 MPa). The 
igniter is then energized, and the rod 
burns in the oxygen atmosphere. 
When combustion is completed, the 
chamber is vented. The oxide pro- 
duced in the combustion is removed 
and sized by screening or another suit- 
able procedure. The chamber was 
tested by using it to make vanadium, 
silicon, molybdenum, and tungsten 
oxides. 

The purity of the oxides produced in 
the chamber can be monitored and 
controlled via analysis of the rods and 
of the oxygen gas used in the chamber. 
Variation of the parameters of the com- 
bustion process would probably 
change the shapes and the distribution 
of sizes of the oxide particles pro- 
duced. 

One proposed modification of the 
chamber would be the addition of a 
device to feed a metal rod continuously 
into the chamber during combustion. 
This modification would make it possi- 
ble to produce large batches of oxide 
powder with minimum opening and 
closing of the chamber. In the cases of 
metals and metal alloys that burn at 
atmospheric pressure, a continuous- 
oxide-removal subsystem might also 
be used, so that the chamber could 
operate continuously. 

This work was done by Joel M. 
Stoltzfus of Johnson Space Center 
and Subhasish Sircar of Lockheed 
Engineering and Sciences Co. For fur- 
ther information, write in 7 on the TSP 
Request Card. 

This invention is owned by NASA, 
and a patent application has been filed. 
Inquiries concerning nonexclusive or 
exclusive license for its commercial 
development should be addressed to 
the Patent Counsel, Johnson Space 
Center; (713) 483-4871. Refer to 
MSC-22358. 
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Alloys for Electrodes and Catalysts for 
Reduction of Oxygen 

Mixtures of lanthanides could catalyze reduction of oxygen in electrochemical cells. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 


Selected intermetallic compounds of 
lanthanum and other alloy mixtures of 
lanthanides have been identified as pos- 
sible options to replace the expensive 
noble-metal catalysts used for the 
reduction-of-oxygen reactions in alkaline 
primary and rechargeable cells and fuel 
cells. The resulting fuel cells and batter- 
ies could be used in electric vehicles, 
load leveling, and other applications in 
which high energy densities and power 
densities are required. 

The electrochemical reduction of oxy- 
gen is well utilized as the cathodic reac- 
tion (at the positive electrode) in a 
metal/air cell or fuel cell. Because of the 
peculiarities of the chemical kinetics at 
the surfaces of typical electrode materi- 
als used for this purpose, the reaction is 
usually slow, giving rise to the need for a 
catalyst to accelerate the reaction. The 
alloys of the metals mentioned above 
(which are also known as rare-earth and 
transition metals) were selected as can- 
didate replacement catalysts partly 
because they can undergo electro- 
chemical hydriding and dehydriding at 
high negative potentials and can absorb 
significant amounts of hydrogen; these 
capabilities are amenable to high energy 
densities. 

These alloys are designated collec- 
tively as “metal hydride” (MH) alloys, 
although a more precise name might be 
“metal-hydride-forming alloys.” Two 
classes of MH alloys are used in the 
advanced alkaline rechargeable cells 
known as nickel/metal hydride (Ni/MH) 
cells. One of these classes comprises 
alloys of V, Ni, and Cr; the other class 
comprises alloys of La, Ce, Pr, Nd, Ni, 
Co, Mn, and Al. An important character- 
istic of MH alloys is that electrochemical 
reduction of oxygen can take place on 
their surfaces: this characteristic would 
enable an Ni/MH cell to operate while 
hermetically sealed, especially in posi- 
tive-limited design. The oxygen evolved 
at the NiOOH electrode (the positive 
electrode) in such a cell is continuously 
reduced on the MH electrode, thus pro- 
viding an overcharge capability for the 
cell. An MH electrode can function as an 
electrocatalyst for the reduction-of-oxy- 
gen reaction as well as for the hydrogen- 
ionization reaction, so that it can be 
used as a bipolar electrode in a regener- 
ative fuel cell. 


To verify the feasibility of the electro- 
chemical reduction of oxygen on MH 
electrodes, cyclic voltammetric experi- 
ments were performed on MH elec- 
trodes in alkaline electrolyte solutions. 
Each experimental MH electrode was 
subjected to an initial anodic scan (oxi- 
dation) to a potential of 0.4 V vs. 
Hg/HgO [or -0.5 V vs. standard hydro- 
gen electrode (SHE)] before the absorp- 
tion of hydrogen. The interference 
caused by dehydriding of the MH elec- 
trode was thus eliminated. The cyclic 
voltammetric peaks in this region would 
correspond either to the oxidation of the 
elements of the MH or to the reactions 
involving electrolyte. Subsequently, the 
electrode was subjected to a reverse 
(cathodic) scan to examine the reduction 
of oxygen or any oxidized species 
evolved or desorbed at the surface of, or 
from within, the MH alloy. 

The figure shows a typical voltammo- 
gram from such an experiment. In this 
case, the voltammogram includes two 
or three small peaks around 50 mV and 
a large peak at 400 mV. The small peaks 
are attributed to the dissolved oxygen, 
inasmuch as all the metallic constituents 
of the MH alloy are apparently oxidized, 
even at the open-circuit potential of 


-500 mV. Only manganese can undergo 
oxidation to a high-valence oxide in this 
range. The peak around 400 mV is relat- 
ed to the evolution of oxygen at the MH 
electrode. In the subsequent reduction 
scan, a strong peak is observed at 350 
mV, which may be assigned to the 
reduction of the oxygen either dissolved 
in the electrolyte or evolved in the pre- 
ceding anodic scan. It is therefore clear 
that the reduction of oxygen as well as 
evolution of oxygen can occur readily on 
the MH electrode. 

This work was done by Ratnakumar V. 
Bugga and Gerald Halpert of Caltech for 
NASA’s Jet Propulsion Laboratory 

For further information, write in 6 on the 
TSP Request Card. 

In accordance with Public Law 96- 
517, the contractor has elected to retain 
title to this invention. Inquiries concern- 
ing rights for its commercial use should 
be addressed to: 

William T. Callaghan, Manager 
Technology Commercialization 
JPL-301 -350 
4800 Oak Grove Drive 
Pasadena, CA91109 
Refer to NPO- 19282, volume and 
number of this NASA Tech Briefs issue, 
and the page number. 



This Cyclic Voltammogram was plotted from measurements on an MH electrode with an 
area of -0.12 cm 2 in 6 M KOH electrolyte. 
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Computer Programs 


COSMIC: Transferring NASA Software 

COSMIC, NASA’S Computer Software Management and Information Center, distributes software 
developed with NASA funding to industry, other government agencies and academia. 

COSMIC's inventory is updated regularly; new programs are reported in Tech Briefs. For additional 
information on any of the programs described here, send in the Information Request Form or contact 
COSMIC directly. 

If you don't find a program in this issue that meets your needs, visit the COSMIC World Wide Web 
pages to browse the catalog for programs in your area of interest. The COSMIC Software Catalog is 
available in print and free of charge on diskette, on-line, by E-mail, or FTP. 

COSMIC is part of NASA’s Technology Transfer Network. 


COSMIC* — 

The University of Georgia 
Athens, GA 30602-4272 
T.L. Peacock, Director 
(706) 542-3265; 

FAX (706) 542-4807 
serviceOcosmic . uga.edu 
http ;//www. cosmic, uga.edu 



Physical Sciences 


Electronic Components 
and Circuits 



Mathematics and 
Information Sciences 


Program Searches Data 
Base on lon/Molecule- 
Reaction Kinetics 

The Ion Reactions computer program 
performs searches in a data base on the 
kinetics of two-body ion/molecule reac- 
tions, and prepares reports on the 
results of the searches. The data base 
contains more than 10,600 reaction 
entries compiled from more than 1 ,000 
cited sources in published literature. 
Searches can be performed with 
respect to reactants or products and 
with respect to either ions or neutral 
atoms; more specifically, the program 
can search for (1) all reactions for a par- 
ticular ion, reactant neutral, or reactant 
pair or (2) all reactant pairs that yield a 
specified product ion or neutral. This 
program and the accompanying data 
base are parts of developmental ion- 
chemistry software for use by astro- 
physicists and specialists in planetary 
atmospheres. In proposed future devel- 
opments, the data base would be 
updated, and both the data base and 
the capabilities of the program would be 
extended to (1) provide thermochemical 
data for all reactions and (2) calculate 
capture rates for all reactions. The pre- 
sent version of the program can be 
downloaded into either a Macintosh or a 
DOS format. Proposed future versions 
of the program and data base would be 
freely available for downloading via the 
World Wide Web. 

This program was written by Vincent 
Anicich of Caltech for NASA’s Jet Pro- 
pulsion Laboratory. For further infor- 
mation, write in 72 on the TSP Request 
Card. 

NPO-19973 


Program Calculates 
Scattering Parameters of 
Waveguides 

The WGSPICE computer program, 
loosely modeled after the circuit-simula- 
tion program SPICE, calculates the scat- 
tering parameters of a waveguide device 
or network that comprises a number of 
fundamental waveguide components 
connected together. Coded in C++ 
and using object-oriented principles, 
WGSPICE calculates the total scattering 
matrix associated with the complete 
device out of the more-easily-found scat- 
tering matrices associated with the indi- 
vidual components. Such components 
include rectangular and circular wave- 
guides, junctions between rectangular 
and/or circular waveguides of different 
sizes, T and cross junctions, tapers, and 
terminations. Representations of metade- 
vices (the equivalent of subcircuits in 
SPICE) can be constructed from compo- 
nent mathematical models and then used 
multiple times in mathematically modeling 
an overall device; this feature enables effi- 
cient modeling of a device with a periodic 
structure. Devices that can be modeled 
include step transformers, filters, diplex- 
ers, couplers, smooth or corrugated rec- 
tangular or circular horns, and many oth- 
ers. The program is modular, allowing new 
component models to be added easily. 
WGSPICE has been implemented on a 
Sun SPARCstation computer, but could 
also be run on almost any personal com- 
puter, inasmuch as input and output are in 
ASCII text. 

This program was written by Gilbert C. 
Chinn and Daniel J. Hoppe of Caltech for 

NASA’s Jet Propulsion Laboratory For 

further information, write in 92 on the 
TSP Request Card. 

NPO-19944 


Software for 
Autonomous Spacecraft 
Navigation 

Software has been developed to pro- 
vide for autonomous optical navigation 
by a spacecraft equipped with one or 
more video camera(s). The spacecraft 
in question is that of the New 
Millennium Deep Space- 1 mission to an 
asteroid and comet, scheduled to begin 
in mid- 1998. The New Millennium navi- 
gation system is the first known com- 
pletely autonomous deep-space navi- 
gation system. It relies solely on optical 
data taken with an onboard camera or 
cameras and is based largely on opti- 
cal-navigation techniques that have 
been proven on the Voyager and Galileo 
spacecraft. The major functions per- 
formed by the navigation system are 
picture planning, analyzing image data, 
determining orbits, designing maneu- 
vers, and generally interacting with 
other onboard autonomous systems. 
This spacecraft-based software was 
developed from ground-based optical- 
navigation software. It includes novel 
algorithms for navigating in deep space 
with only optical data, processing 
image data, and controlling trajectories. 
The software functions during all phas- 
es of the spacecraft mission: departure, 
interplanetary cruise, and flyby and/or 
rendezvous. A prototype of the soft- 
ware has been implemented on a UNIX 
workstation and has been found to per- 
form well on several mission scenarios. 

This program was written by Joseph 
Riedel, Shyam Bhaskaran, and Stephen 
P Synnott of Caltech for NASA’s Jet 
Propulsion Laboratory. For further 
information, write in 18 on the TSP 
Request Card. 

NPO-19939 
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MATRIXx 



The MATRIX x ® Product Family is the only complete solution for graphical design, simulation, automatic code and document 
generation and testing of real-time dynamic systems. 


Featuring 

■ SystemBuiUf™ - graphical modeling and simulation 

■ Xmatb ™ - object-oriented mathematical analysis and visualization 

■ Autocode® - automatic C and Ada code generator 

■ Documents™ - automatic documentation generator 

■ RealSim Series ™ - rapid prototyping computers 


Available for Windows®95, WindowsNT,, and UNIX platforms 


Visit the new MATRIX* Webinar at: http://www.isi.com/webinar 
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integrated To dramatically shorten your development time , please call: 

systems Integrated Systems, Inc. 

800.770.3338 (U.S. and Canada only) or 408.342. 1300 
World Wide Web: http://www.isi.com 
E-Mail: mtx-info@isi.com 
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Mechanics 


Induced-Strain Actuator With Mechanical Amplification 

Displacements are multiplied without loss of precise control. 

NASA's Jet Propulsion Laboratory, Pasadena, California 


An induced-strain actuator has been 
designed to produce displacements that, 
albeit small, are larger than those ordi- 
narily produced by such actuators, and 
to do so without loss of precise control 
of the displacements. The enlargement 
of displacements is achieved by use of 
a two-stage mechanical amplifier. 

Induced-strain actuators are mecha- 
nisms that include structures that are 
deliberately made flexible at some 
points to obtain controlled deflections: 
a controlled displacement at a desig- 
nated location in such a structure is pro- 
duced by enforcing a smaller displace- 
ment at another location in the struc- 
ture, thereby causing the structure to 
deflect. Induced-strain actuators are 
typically used to make fine adjustments 
in the positions and orientations of opti- 
cal components and instruments. 

The present induced-strain actuator 
contains four smaller input induced- 
strain actuators that are the sources of 
the controlled motion. These actuators 
are coupled to the two-stage mechani- 
cal amplifier. The mechanical amplifier 
includes lever arms that are integral 
parts of flexure-type structural compo- 
nents (see figure). The four induced- 
strain actuators connected to the ampli- 
fier are preloaded in compression so that 
vibration does not induce looseness. 


This work was done by Robert M. 
Bamford, Robert J. Glaser, and Donald 
M. Moore of Caltech for NASA’s Jet 


Propulsion Laboratory For further 
information, write in 29 on the TSP 
Request Card. NPO- 19208 



The Two-Stage Mechanical Amplifier includes the two rigid triangular bodies and the 
flexible connecting narrow strips of material. The output of the mechanical amplifier could 
be applied to another mechanical amplifier to multiply the displacement further. 


Tether Mechanism Alleviates Shock Load 

A spring and brake help prevent injury to the wearer. 

Lyndon B. Johnson Space Center, Houston, Texas 


A compact tether mechanism clipped 
to a waist belt (see figure) alleviates 
sudden large tensile loads applied to 
the tether. For example, the wearer can 
be a mountain climber, firefighter, con- 
struction worker, or rescuer tethered by 
a safety rope, and the mechanism can 
help to prevent injury to the wearer if the 
wearer falls and the rope snaps taut. 

The mechanism is about 2.5 in. (6.4 
cm) in diameter and 4.5 in. (11.4 cm) 
long. It contains a Kevlar (or equivalent 


aromatic polyamid) fabric tether 1/2 in. 
(12.7 mm) wide and 6 ft. (1.8 m) long 
wound on a spool. A clock spring biases 
the spool toward retraction of the fabric 
tether; in this respect, the mechanism 
resembles a tape-measure mechanism. 

The mechanism contains a drag 
brake that serves as the principal shock- 
absorbing device. The drag brake in- 
cludes a pad that remains stationary 
relative to the spool and a pad that is 
fixed within the housing of the mecha- 


nism. The two pads are pressed togeth- 
er at a preset load. When the tether has 
been pulled out to a length of about 2 ft. 
(0.6 m), a clutch engages the stationary 
pad, causing it to rotate against the fixed 
pad. This clutch is a one-way clutch; it 
acts to resist extension of the tether but 
not to resist retraction. Thus, when the 
tether is no longer being pulled out by 
a large load, this clutch disengages 
the brake, allowing the clock spring to 
rewind the tether onto the spool. 
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DTR-48 


DATATAPE s DTR-48 digital 
recorder/reproducer offers a 
continuously variable 
record/reproduce data rate 
from 0 to 6 MBytes/s while 
maintaining a high level of 
data integrity. The DTR-48 
comes equipped with multi- 
ple interfaces, the ability to 
use commercial recording 
media and the capacity to 
store up to 36 GBytes of data 
on one cassette (when using 
M90L cassettes). 

For more information contact: 

DATATAPE 

605 East Huntington Drive 
Monrovia, CA 91016 
Tel: (818) 358-9500, ext. 771 
Fax: (818) 358-9100 
info@datatape.com 
http://www.datatape.com 


However, another clutch — a stepped 
clutch — prevents the spring from 
rewinding the tether until such time as 
the wearer is ready. The wearer presses 
a release button that disengages the 
stepped clutch, allowing the spring to turn 


the spool to retract and rewind the tether. 

This work was done by Richard D. 
Smallcombe of Oceaneering Space 
Systems for Johnson Space Center. 
For further information, write in 15 on 
the TSP Request Card. MSC-22468 



Housing Containing Mechanism 


Push-Button Release 


Fabric Tether 


Additional Tether Ring 


The Load-Alleviating Waist-Tether Mechanism is suited for rescue operations in which 
sudden falls could cause injury. 


Capture Latch for 
Assembling Structures 

An improved latch offers a larger-than-usual 
capture envelope. 

Marshall Space Flight Center, Alabama 


A capture latch has been proposed 
for use in assembly of structures in outer 
space and could also be used in under- 
water and otherwise hazardous work 


environments and in remote-control 
applications. The latch system would 
consist of three or four latching elements 
and capture pins spaced around the 



Latching Element 


Capture 

Pin 


Structural — ► 
Member 1 


Structural 
Member 2 


Indexing 

Guides 


orsion Springs 


A Latching Element uses indexing guides designed for a large capture envelope. Three or 
four latching elements are used simultaneously to join the structural members. 


For More Information Write In No. 41 1 
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mating surfaces of two structures to be 
joined. A latching element mounted on 
one of two structural members would 
swing over a capture pin mounted on 
the other structural member, then pull 
this other structural member into place. 
A simple drive screw would actuate the 
latching element. Torsion springs would 
soften the mating to prevent damage. 
The design of this latch would eliminate 
the need for alignment guides and pro- 
vide a capture envelope (a range of 
positions and orientations in which 
capture could be effected) larger than 
the capture envelopes of designs now 
in use. The latch would maintain the 
alignments of the affected structural 
members in all axes, protecting any 
sealing components. 

This work was done by Charlie 
VanValkenburgh of Boeing Defense and 
Space Group for Marshall Space Flight 
Center. For further information, write in 
33 on the TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Marshall Space Flight Center; (205) 544- 
0021. Refer to MFS-28928. 


Gas-Sample- 
Extraction Valve 

Lyndon B. Johnson 
Space Center, 

Houston, Texas 

A valve has been designed to be 
leak-tight and to be used to tap into a 
fluid line such as on a refrigeration 
unit. A static seal coupled to a com- 
pressible hermetically-sealed metal 
bellows is used in place of a presently 
available dynamic O-ring shaft seal, 
which is prone to leakage. The bel- 
lows assembly allows for a controlled 
depth of penetration into a fluid line 
to prevent excessive deformation and 
leakage at the fluid line/valve inter- 
face. The valve was designed to tap 
into shuttle sample cylinders, which 
utilize copper pinch-off tubes instead 
of integrated sampling valves. The 
valve can also be used to add or remove 
a refrigerant fluid (e.g., freon) from a 
refrigeration system, with minimum 
release of the fluid to the atmosphere. 

This work was done by Richard J. 
Dean and Scott C. Hacker of Johnson 
Space Center. For further information, 
write in 89 on the TSP Request Card. 
MSC-22465 
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Reliable Deployable Strut 

The folded strut unfolds itself upon release. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A deployable strut has been de- 
signed for simplicity and reliability. 
The strut contains no sliding parts 


that could bind during deployment. 
Intended for one-time deployment, the 
strut is flexible enough to be foldable 


nearly in half for stowage pending 
deployment. When released, the strut 
unfolds itself. 

As shown in the figure, the strut 
consists of (1) a spring, which is the 
primary compression member; (2) two 
thin steel strips, which carry tension, 
and (3) two end fittings, which form 
pin-ended attachment points. The 
tension strips are parts of a one-piece 
loop that is captured in the two end 
fittings on the center line of the strut. 
Once the strut has unfolded itself, it 
becomes locked straight in the sense 
that it cannot thereafter be folded 
except by applying a load in excess 
of the buckling load. 

This work was done by Kenneth 
Jewett and Jack Frazier of Caltech for 
NASA’s Jet Propulsion Laboratory. 
For further information, write in 93 
on the TSP Request Card. 

NPO-19957 



The Spring Pushes on the end fittings, placing the strips in tension. 
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commercialization, research and business development. Our 
information provides sources of venture capital, collaboration, 
partnering, and much more! 


Knowledge Express f can also be accessed through front end Mac or Windows software. 



Knowledge Express 

DATA S Y 


S 


M S 


800 - 529-5337 

One Westlakes, 1235 Westlakes Dr. 
Suite 210, Berwyn, PA 19312 

EMail: cooper@keds.com 

' You Can Get There From Here , Knowledge Express 
Data Systems and the logo are trademarks and service 
marks of Knowledge Express Data Systems, LC. 
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New Electronics 
Products 



1 Standard Fan Tray 
Choice of 55 Standard Fans 



Now. ebm/Papst offers one standard fan tray with 
your choice of fifty-five brushless DC or AC fan 
models. Air flows 50 to 108 CFM. Terminations 
to meet your needs. Custom trays also available. 


Board Level Air Movers, 
Fans or Motorized Impellers 



Miniature fans from ebm/Papst have the same 
quality and performance as the nest of our 
complete product line. These 40mm fans and 
motorized impellers solve board level problems. 


FREE Fan & Blower Catalog 


GET YOUR 
COPY NOW! 
ebm/Papst 
offers a 
complete line 
of Fans & 
Blowers. This 
easy-to-read, 
easy-to-use 
20(Tpage 
catalog offers 
brushless DC 
and AC 
products for 
all kinds of 
air moving 
applications. 




lOie Power of Cool 


The POWER OF COOL continues to lead the industry 
with the products, engineering and service to meet our 
customers' most demanding requirements. ebm/Papst 
offers all types of standard fans and blowers, plus the 
application engineering and manufacturing versatility to 
offer value-added, packaged cooling in FlatPak's™, Fan 
Trays or Flo- Thru Modules™. ebm/Papst is an ISO 9001 
supplier with the ability to meet the most stringent quality 
and scheduling requirements, or simply ship a single order. 
Call today for information or a full-line catalog. Ask for an 
application engineer if you have a specific need. 

For More Information Write In No. 450 


ebm 




ebm/Papst 

110 Hyde Road 
Farmington, CT 06034 
Phone: 860-674-1515 
Fax: 860-674-8536 

e-mail, sales@ebm.com 
Internet: http://www.ebm.com 



Backward Curved Impellers 
offer Quiet Versatility 



Quiet operation without a scroll housing. 360° 
airflow. Higher efficiencies and quieter operation 
than most other air movers. AC or brushless DC. 
Mount in Flo-Thru Modules™ for easy assembly. 


Tubeaxial Fans, 40mm to 
225mm, AND Everything 
in between! 



ebm/Papst offer the widest range of brushless 
DC and AC tubeaxial fans in the world. Plus all 
kinds of other air moving products. Application 
engineers always available, 860-674-1515. 

Most products are in stock, ready to ship. 



A great answer for spot cooling, or shallow, tight fits. 
FLATPAK's are quiet, efficient and good for moving 
air against higher static pressures. FLATPAK™ 
blowers mount in any position. DC or AC models. 
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Diamond Coats for Electrodes in Ion Accelerators 
High-Density 20-MHz 1 2-Bit Waveform Digitization 
System 

Photoresponse Diagnosis of Imprint in Ferroelectric 
Memories 

Using Neural Network Technology to Produce an 

Intelligent Gas Microsensor 

FET Circuit Monitors Charges Induced by Ionizing 

Radiation 

Diffusion-Cooled Hot-Electron Bolometer Mixer 



On the cover: 

The world's first MESC-compatible compound semiconductor cluster tool designed and manufactured by EMCORE Corp., 
Somerset, Nj. This system was developed as part of a Phase II Small Business Innovation Research project with Rome Laboratory, 
Hanscom AFB, AM, for cluster tools for large-area and rapid deposition growth and a DARPA-sponsored Technology Reinvestment 
Program for metallorganic chemical vapor deposition growth of HEMTs using in-situ monitoring and control. 

Photo courtesy EMCORE Corp. 


Low Cost SMA/SMB Connectors 



■ PC Mount 

■ Bulkhead 


■ Right Angle ■ Plugs 

■ Vertical ■ Adaptors 

■ Jacks 



ELECTRONICS 

10421 Burnham Dr N.W., Bldg. 4. Gig Harbor, WA. USA 98332 
http://www.adelectronics.com - email :adinfo@adelectronics. com 


Call or fax for information, samples or quotation. 

PHONE (206) 851-8005 
FAX (206) 851-8090 
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NEWS 

BRIEFS 

Notes from Industry and 
the Federal Laboratories 

In a move that creates one of the five largest 
companies in the electronics connector indus- 
try, Thomas & Betts Corp. of Memphis, TN, 
was set late last year to acquire Augat Inc. of 
Mansfield, MA, in an exchange of stock. The 
boards of directors of both companies have 
approved the transaction, subject to approval 
by shareholders of each. The acquisition was 


expected to be final at the end of 1996. 

Thomas & Betts, with current sales in 
excess of $1.4 billion, produces connectors 
and components for worldwide electrical and 
electronics markets. With sales of $534.8 mil- 
lion in 1995, Augat is among the world's 
largest manufacturers of connector products, 
with applications in the communications, 
computer, automotive, and industrial markets. 

The value of the transaction could approxi- 
mate $600 million, making it the largest 
acquisition in the 98-year history of Thomas 
& Betts. Last year alone the company made 
six other acquisitions, for a total of 17 over the 
past five years (not counting Augat). The 1996 
purchases extended the company’s product 


This is the world's most advanced 
data recorder. 



lines into underground power and distribu- 
tion connectors, outlet and meter boxes, and 
heating and cooling systems. 

According to T. Kevin Dunnigan, chairman 
and chief executive officer of Thomas & Betts, 
the product lines of the two connector compa- 
nies are "complementary, not duplicative, and 
the combination will enable us to offer our 
customers a broader line of sophisticated elec- 
tronics products in higher growth markets." 

Aavid Thermal Technologies Inc. of 
Concord, NH, received a $3.2-million con- 
tract from Adtranz for cooling components for 
San Francisco's Bay Area Rapid Transit 
(BART). Over a period of five years, Aavid will 
supply heat sinks for 440 refurbished trolleys 
to cool the traction drives running motor con- 
trols and the auxiliary power inverter units that 
operate lights, emergency alarms, and doors. 

Aavid provided design and engineering sup- 
port as well as prototyping and testing 
throughout the vehicle redesign process. 
Adtranz (ABB Daimler-Benz Transportation, 
North America Inc.) serves the global mass 
transportation industry with products, sys- 
tems, and services. 

Aavid, a manufacturer of a variety of hard- 
ware products that carry heat away from semi- 
conductor and integrated-circuit devices and 
systems, and a licenser of heat transfer and 
fluid-flow analysis software, has just moved to 
new headquarters at 1 Eagle Square, Suite 
509, Concord, NH 03301; (603) 224-1117; 
Fax (603) 224-6673. 


And dot's DAT. 


Less is more. 

The Sony PC 200 Series is an entire new 
generation of data recorders The smallest 
go-anywhere recorders available. With 
features and performance that put them in a 
class by themselves And with configurations 
from 2 to 64 channels, bandwidths from DC 
to 100 KHz, and even a hybrid for 
simultaneous wideband analog and/or 
digital data, there’s a model to precisely 
fit your requirements 

The DAT advantage. 

Sony pioneered DAT, and we know how to get 
the most out of it The new PC 200 Series can 
record up to 6 hours of data with an overall 
transfer rate of up to 3.072 Mbps Good data, 
with a dynamic range greater than 
80dB Nothing else comes close 

The ins and outs. 

Since small size enhances portability, Sony 
provides an RS232C for onsite remote control 
via laptop, palmtop, your choice. Going the 
other way. the SCSI PCIF500 interface 
provides optimum data transfer to your 
PC or workstation Because the faster your 
data becomes information, the better 

The soft stuff. 

Imbedded in every PC 200 Series recorder 
is Table of Contents software for fast and 
easy searches on the computer. You can 
write each recording block s sub data such 
as ID. ADDRESS, and RANGE 


Even TIME CODE. And. with Sony's powerful 
PCscan™ data acquisition software, turning 
your data into information was never easier 

PCscan ' MKII written 
in Window s* 95 32-bii 
code controls a high- 
performance AD con- 
verter. up to 4 Gbyte 
of analog storage, 
high speed search, 
real-time wave mork- 
tonng and tape data 
format conversion 

That means improved data measurement And dahs DAT 

The Sony advantage. 

Of course, when you choose the PC 200 
Series data recorders, you choose Sony, 
and you know what that means in terms of 
constant technology advancement and 
leadership, rugged reliability, and full sup- 
port Only Sony could make data recording 
exciting Give us a call and we ll tell you just 
how exciting it gets. All DAT and more. 




Sony Precision Technology America. Inc. 

137 West Bristol Lane • Orange. CA 92865 
(714) 921-0630 • Fax (714) 921-1162 

Sony it ■ registered tredemarti ot Sony Corporation 


Fluke Corp. of Everett, WA, and LeCroy 
Corp. of Chestnut Ridge, NY, announced late 
last year that they had signed a technology 
licensing agreement. LeCroy will supply Fluke 
with access to certain advanced technology for 
future digital storage oscilloscope (DSO) 
products, including handheld DSOs, in 
exchange for royalties. 

Fluke is prominent in the handheld test-tool 
market, including handheld DSOs with inte- 
grated meter capabilities, and distributes its 
products in more than 100 countries. LeCroy 
is a widely known provider of DSOs for the 
high-end test and measurement market. 

Although silicon processes will continue to 
dominate the $3-billion-plus RF and micro- 
wave semiconductor market in the new year, 
gallium arsenide and silicon carbide will gain 
market share as gigahertz technology 
advances. That is one conclusion of a new 
report from Allied Business Intelligence (ABI), 
1997 RF & Microwave Semiconductor 
Competitive Analysis: Manufacturing and 
Distribution Trends. For more information on 
the report, which analyzes the major industry 
competitors and their end-use markets, con- 
tact Tim Archdeacon at ABI, 202 Townsend 
Square, Oyster Bay, NY 11771; (516) 624- 
3113; Fax: (516) 624-3115; http://www. 
alliedworld.com/ 
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INTEGRATED FAN HEAT SINKS: 
SMALLER, MORE POWERFUL 


HEAT SINKS COOL 
MULTIWATT® PACKAGES 



Compared to bolt-on fan heat sinks, integrated 
fan heat sinks (IFHS) for high heat generating 
components decrease headroom by 50% - as 
much as 0.5” - and increase performance by 
30%, offer iow thermai impedance (1.4 s C/watt) 
and adapt to many applications. Requires only 
0.2" headroom for fan airflow. 30db acoustic 
noise. From Aavid Thermal Technologies, Inc. 
(603) 528-3400 • FAX: (603) 528-1478 

No. 459 

PLUG-IN HEATSINKS 
COOL TO-220’s 



Compact heat sinks for TO-220S plug in quickly. 
Cut labor costs by eliminating mounting hard- 
ware. Unique design forms spring action clips 
that bolt semiconductors securely for superior 
thermal performance. Small footprint (as little as 
1/2" sq) saves valuable PCB space. From Aavid 
Thermal Technologies, Inc. (603) 528-3400 • 
FAX: (603) 528-1478. 

No. 460 


HIGH FIN DENSITY: 
PEAK COOLING 



New aluminum heat sink extrusions with high 
fin density offer maximum cooling in minimum 
space. Maximum industry fin-height-to-fin- 
spacing ratio used to be 6:1 . New technology 
from Aavid extends it to 8:1, 10:1 and up. Ask 
our engineers for design help. From Aavid 
Thermal Technologies, Inc. (603) 528-3400 • 
FAX: (603) 528-1478. 

No. 461 


Low-cost heat sinks cool Multiwatt- and similar 
packages. Self-locking design cuts assembly 
costs, eliminates hardware. Unique design 
holds packages securely for maximum thermal 
performance. Slim and light, they take minimum 
board space. Low/medium power applications. 
From Aavid Thermal Technologies, Inc. (603) 
528-3400 • FAX: (603)528-1478. 

Mufcwafi « a trademark of SGS Thomson 

No. 462 



Aavid Fast Facts Automated Fax Retrieval (603) 527-2169 
Visit Aavid's Home Page at HTTP: / / WWW . AAVID . COM 



HEAT SINK TECHNOLOGY 
DESIGNED TO TAKE YOU 
INTO THE NEXT 
MILLENNIUM. 

As microprocessor technology 
accelerates into the 2 1 st Century, 
Aavid is up to speed with standardized 
drop-in thermal solutions that are fully 
optimized and tested for cooling 
today’s hottest processors. 

We provide designers 
with impressive benefits, 
including: 

• Active and Passive 
Heat Sinks 

• Advanced Interface 
Materials 

• Applications Assistance 
Convenient Attachment Methods 

• High Volume Production 

Aavid offers the industry’s 
widest selection of heat sink 
technologies for all your design 
requirements. Also, Aavid has the 
most advanced thermal 
development and design 
verification facility in 
the industry. 

In addition, we offer 
you a choice of interface 
material and attachments. 
Surface mounting is no 
problem, either. 

As the future heats up, call us at 
(603) 528-3400. Aavid. We bring 
cool, clear thinking to your design team. 

m AAVID 




THERMAL TECHNOLOGIES. INC 

ONE COOL IDEA AFTER ANOTHER 


One Kool Path • P.O. Box 400 • Laconia, NH 03247-0400 • USA 
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Diamond Coats for Electrodes in Ion Accelerators 

CVD diamond resists erosion better than other electrode materials do. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


Ion-accelerator electrodes coated 
with diamond by chemical vapor depo- 
sition (CVD) are undergoing develop- 
ment. Ion accelerators include both 
spacecraft electric thrusters and indus- 
trial ion sources. Heretofore, erosion of 
ion-accelerator electrodes by impacts of 
charge-exchange ions has degraded 
performances and limited operational 
lifetimes. As early as the 1960s, it was 
known that carbon resists erosion by 
xenon and krypton ions better than does 
molybdenum, which is the material of 
conventional ion-accelerator grids. 


al tens of milliamperes, doping to obtain 
the required amount of conductivity 
does not pose a major problem. 
(Moreover, the effects of resistive heating 
are minimized by the high thermal con- 
ductivity and low thermal expansion.) 
Experience teaches that p-type doping 
with boron is most effective, and can be 
effected by adding the appropriate 
quantity of diborane to the other source 
gases (e.g., methane and/or ethylene 
diluted with hydrogen) used in CVD of 
diamond films. 

At present, three methods of fabrica- 


als of intermediate composition. 

In the second method, a thick dia- 
mond film would be deposited on a sub- 
strate, then removed from the substrate 
to produce a freestanding diamond 
structure. Deposition of films to make 
freestanding structures is done routinely 
in the industry, as is laser drilling of holes 
(which is necessary to form a grid). 
However, the brittleness of the diamond 
film could necessitate special handling. 
In a variation of the second method, a 
freestanding film with holes would be 
formed in one process step by CVD 


THERMAL CONDUCTIVITY 

Material 

Thermal Conductivity, 
W/(m K) 

Measurement 
Temperature. °C 

Molybdenum 

138 

20 

Carbon/Carbon 

Composite 

520 

21 

Diamond 

2000 

20 

Copper 

401 

20 


COEFFICIENT OF THERMAL EXPANSION 

Material 

Coefficient of Thermal 
Expansion in Units 
of lO^/K 

Measurement 
Temperature, c C 

Molybdenum 

5.43 

527 

Carbon/Carbon 

Composite 

-1.5 

527 

Diamond 

3.8 

527 


Table 1 . The High Thermal Conductivity of diamond keeps thermal gradients small; this, in combination with a relatively small coefficient of ther- 
mal expansion, keeps thermal distortions small, thereby helping to maintain the precise grid shapes needed for high accelerator efficiencies. 


Therefore, carbon-based electrode 
materials, including carbon/carbon 
composites and CVD diamond, have 
been investigated in efforts to develop 
better ion-accelerator electrodes. 
Because of its high thermal conductivity 
and low coefficient of thermal expansion 
(see Table 1), diamond has been chosen 
as the specific form of carbon electrode 
material for the present development 
effort. 

As part of this effort, experiments 
were conducted on specimens of 
molybdenum, a carbon/carbon com- 
posite, and CVD diamond. Each speci- 
men was mounted in a vacuum cham- 
ber and bombarded with xenon ions at 
kinetic energies of 500 and 750 eV. The 
sputter yield and rate of erosion of each 
specimen at each energy was mea- 
sured; the CVD diamond specimen was 
found to undergo the slowest erosion 
(see Table 2). 

Pure diamond is an electrical insulator, 
but electrodes are required to be electri- 
cally conductive. Therefore, it would be 
necessary to dope the CVD diamond 
surface layers to make them electrically 
conductive. Because the electrical cur- 
rent that an ion-accelerator grid must 
conduct is typically no more than sever- 


tion of ion-accelerator electrodes with 
CVD diamond surface layers are under 
consideration. In the first method, a 
molybdenum electrode grid would be 


coated with a CVD diamond film. The 
adhesion of the CVD diamond film to the 
molybdenum substrate could be 
improved by performing the deposition 
at a temperature favorable to the forma- 
tion of an intermediate layer of molybde- 
num carbide and possibly other materi- 


onto a silicon substrate with areas des- 
tined to contain holes masked by silicon 
dioxide to retard deposition there. In 
another variation of the second method, 


diamond would be deposited on a sub- 
strate with holes, but further develop- 
ment of this approach would have to 
await experiments to assess the extent 
of growth into the holes. 

The third method would involve CVD 
of diamond on a carbon/carbon grid. 


Material 

Ion Energy 

= 500eV 

Ion Energy 

f = 750eV 

Sputter Yield 3 . 
Atoms per Ion 

Rate of Erosion 3 0 
A/min 

Sputter Yield 13 , 
Atoms per Ion 

Rate of Erosion 3 0 
A/min 

Molybdenum 

1.04 

6.08 

1.27 

743 

Carbon/Carbon 

0.181 

83 

0.218 

96.2 

Composite 





CVD Diamond 

0.243 

52 

0.246 

52.5 


a Base Pressure = 1.1 • 1CT 8 torr, Average Density = 2.17 mA/cm 2 
b Base Pressure = 2.3 • 10“ 9 torr, Average Density = 3.43 mA/cm 2 
c Normalized to a Current Density of 1 mA/cm 2 


Table 2. The Rates of Erosion Under Bombardment by Xenon Ions were lowest for the CVD 

diamond specimen; this suggests that CVD diamond coats could extend the operating lives of 
ion-accelerator grids. 
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The new Model 2400 Digital 
SourceMeter ' for DC testing 
and characterization. Stimulus. 
Measurement. Keithley support. 
All in one little package. 



Range of operation: 

20W max: ±20VDC@±1A. 
±200VDC (2) tlOOmA 

Resolution: 

5V: digits (lpV, lOpA max) 

Source output modes: 

Fixed level, pulse, stair, logarithmic 


For production applications such as 
component testing, the Model 2400 Digital 
SourceMeter makes your life simpler. 

Easy to set up and use, it eliminates the 
connections and compatibility problems of 
two or more separate units, while providing 
convenient DMM-like operation. This 
high>throughput, high-accuracy, single- 
channel DC parametric tester combines 
a precision power supply and a highly 
repeatable 5 !^-digit DMM. When coupled 
with a Keithley 7000 Series Switching 
System, the Model 2400 gives you a 
complete multi-point test solution. For a 
free brochure , contact Keithley today . 


KEITHLEY 


1 year basic accuracy: 

Max system speeds: 

External interface: 

Source Measure 

Vbltage 0.02% 0.01% 

Current 0.03% 0.02% 

Resistance — 0.04% 

Pass/fail = 500ps 

To memory = 500ps 
To IEEE-488 = 1000/s 
Range change = 75/s 

IEEE-488 (SCPI) 
RS-232 
Digital I/O 
Component handler 
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The results of preliminary experiments 
indicate that such deposition is promis- 
ing. However, given the negative coeffi- 
cient of thermal expansion of carbon/car- 
bon, it would be necessary to experiment 


to evaluate the adhesion of the diamond 
film under thermal cycling. 

This work was done by Charles E 
Gamer, David G. Goodwin, and John 
Blandino of Caltech for NASA’s Jet Pro- 


pulsion Laboratory. For further infor- 
mation, write in 39 on the TSP Request 
Card. 

NPO- 19481 


High-Density 20-MHz 12-Bit Waveform Digitization System 

Two custom chips provide a 16-channel-wide 512-time-sample digitization system. 

Lawrence Berkeley National Laboratory, Berkeley, California 


Researchers at Lawrence Berkeley 
National Laboratory have developed an 
inexpensive high-density, low power 
integrated waveform digitization system. 
Two custom chips provide 16 complete 
channels of a 20-MHz, 12 bit, 512-time- 
sample system, including preamplifier, 
shaper, analog storage, and analog-to- 
digital conversion (ADC); a 32-channel 
PC board system can accommodate up 
to 1024 samples by doubling up the 
analog storage and ADC, all at a total 
power consumption of about 3 W. The 
chips are used to sample ionization in a 
gas chamber, but could be used in many 
other applications, such as ultrasound 
imaging. 

The key technology that makes this 
system possible is a switched capacitor- 
array analog storage unit. Each channel 
contains 512 capacitors that are suc- 
cessively connected to the input to 
record signals. The noise is about 1 mV, 
and the dynamic range is 2 V with a non- 
linearity less than 2%, or up to 4 V at 
increased nonlinearity, giving up to 12 
bits of dynamic range. Sampling rates 
up to 20 MHz are easily achieved, with 
some chip versions sampling up to 60 
MHz. In addition to the noise, there is a 
variation from time bin to time bin of a 
few mV, which can be removed by a 
pedestal subtraction. 

The switched capacitor array (SCA) 
output signals are buffered and sent to a 
12-bit Wilkinson rundown ADC. By using 
a single ADC Grey code counter and 
ramp for all 16 digitizer channels, chip 
size and power consumption are mini- 
mized. The counter counts on both 
edges of a clock signal of up to 200 
MHz. Grey-code-to-binary conversion is 
done internally during readout. Including 
settling and reset times, 12-bit conver- 
sions take about 13 ps/sample, or about 
7 msec for 512 samples. If fewer bits are 
required, conversions are faster. The 
ADC clock rate and an external ramp- 
current source control the chip gain. 
Power consumption for the SCA/ADC 
chip is 10 mW/channel. 

The SCA/ADC chip is fed by a low- 
noise preamplifier/shaper. The chip has a 


gain of 16 mV/fC, adjustable shaping 
time of 100-250 nsec FWHM, noise of 
750 electrons (0.1 2fC) at 200 nsec 
FWHM, and 30 pF input capacitance, 
and a dynamic range of up to 750,000 
electrons (125fC). The input integrator 
uses a switched reset, with an overhead 
of more than 2.5 pC. The shaper has two 
integration poles plus an adjustable tail 
cancellation circuit that can remove over- 
shoot. The chip also includes an on-chip 
calibrator. Power consumption is typical- 
ly less than 50 mW/channel. 

In current systems, up to 1 1 52 chan- 
nels are controlled by a single readout 
board. This board provides signals to 
control the system, and multiplexes the 
data and transmits it to a data acquisition 
system over a 1 .2-Gb/s fiber optic cable. 

The system was developed for use in 
nuclear physics experiments, where 


100,000+ channel waveform digitizers 
are required. However, it could be useful 
anywhere large waveform digitization 
systems are required. Possible commer- 
cial applications include ultrasound 
imaging systems, automated test equip- 
ment, and vibration analysis. Because of 
the high level of integration, the cost and 
power consumption of the system are 
far lower than equivalent commercial 
digitizers. 

This work was done by Spencer Klein, 
Fred Bieser, Chinh Vu, Eric Beuville, and 
Stuart Kleinfelder for Lawrence Berkeley 
National Laboratory. For further informa- 
tion, contact Viviana Wolinsky, Licensing 
Manager, Lawrence Berkeley National 
Laboratory, 1 Cyclotron Road, MS 90 
1070, Berkeley, CA 94720; (510) 486- 
6463; FAX (510) 486-6467; E-mail: 
VIWolinsky@lbl. gov. 



Block diagrams of the STAR Amplifier Shaper (SAS) Chip (top) and SCA/ADC Chip. The 

SAS consists of an integrating preamplifier and a two pole shaper. The SCA contains the 512- 
input capacitors, buffer, and a 12 bit ADC. Calibration circuitry, control logic, and ADC ramp 
generator and counter are not shown. 
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Introducing MicroSim DesignLab: 

Imagine what it would take to design a better circuit faster. You'd have a single EDA system — not a collection of point tools. Your new system 
would have a single interface to all facets of your mixed analog/digital design. No more wasted time or errors from converting, translating 
or re-entering designs. With a click of the mouse, you could go back and forth between design stages, making a change and seeing the results, 
continuously improving your design from start to finish. Now it's here. Now you can. Introducing MicroSinf DesignLab™ — the new standard 
for desktop EDA. It's the world s first and only comprehensive, fully-integrated start-to-finish desktop EDA system. See how easy it is to design 
a better circuit faster. Call for our MicroSim DesignLab evaluation software. 

you think about circuit design — from start to finish. 


It will change the way 



Accurate 
analysis of 
mixed A/D 
circuits. 


START 


Access all phases 
of the design 
process from your 
schematic window, 
starting with easy 
part selection. 


FINISH 


Start to Finish 


Fast and simple 
transition from 
schematic to 
printed circuit 
board layout. 


Unique FPGA 
and mixed 
A/D design 
capability. 


Contact MicroSim at 1.800.245.3022 or 714.770.3022 

You can visit our web site http://www.microsim.com E-mati sales@microsim.com 



Setting the standard for Desktop EDA ™ 


MiaoSwn is a regetered trademark and DesignLab is a trademark of hbaoSim Corporation Al other brand or product names are registered trodemaris of that respective holders. ©1996, kkroStm Corporation. Al rights reserved 
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Photoresponse Diagnosis of Imprint in 
Ferroelectric Memories 

Another use for nondestructive optical readout has been proposed. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 


Nondestructive optoelectronic prob- 
ing could be harnessed as a powerful 
tool to study the basic physical mecha- 
nisms of a phenomenon called “imprint" 
that has been observed in developmen- 
tal ferroelectric thin-film memory 
devices. Aspects of these devices and 
of the nondestructive optoelectronic 
probing and readout of these devices 
have been described in several previous 
articles in NASA Tech Briefs , including 
“Noninvasive Optical Probe of Ferro- 
electric Films" (NPO-18549), Vol. 17, 
No. 5, page 54; “Improved Ferroelectric 


electric capacitor, in which nonvolatile 
storage of a datum (an analog value or a 
digital bit) is effected by use of remanent 
polarization in a designated region in a 
ferroelectric film. When one attempts to 
erase a bit that has been stored for a 
long time, one may not succeed; that 
is, sometimes, the polarization cannot 
be reversed: this is what is meant by 
“imprint" in the present context. 
Obviously, imprint may present a formi- 
dable obstacle to the development of 
ferroelectric nonvolatile memory 
devices. 


sponse is sensitivity dependent on the 
orientation and therefore any presence 
of a-axis inclusions can be diagnosed by 
occurrence of a larger response. 

The nondestructive optoelectronic 
probing technique (see figure) is particu- 
larly suited for tracking the evolution of 
the internal fields within a thin ferroelec- 
tric film as a function of operational his- 
tory, storage time, and environmental 
history. In so doing, it also serves as a 
unique probe for studying the physical 
mechanisms that cause imprint. The 
nondestructive optical probing tech- 
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Photoresponse 1 
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-Thin Ferroelectric 
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SIMULATED EXAMPLE OF SUBMICRON-RESOLUTION 
MAP GENERATED FROM PHOTORESPONSE DATA 


The Thin Ferroelectric Film Under Test is sandwiched between two electrodes, as in a capacitor, and the desired spot in the film is positioned 
under an optical-fiber probe that delivers pulsed laser light concentrated into the spot. Typically, the pulses are about 10 ns long. To prevent 
perturbation of electric polarization in the film, the laser wavelength is chosen so that the photon energy is less than the bandgap of the ferro- 
electric material. 


Memories With Nondestructive Read- 
out” (NPO-19033), Vol. 18, No. 1 1 , page 
40; “Photonic Diagnostic Technique for 
Thin Photoactive Films" (NPO- 19393), 
Vol. 20, No. 4, page 49; “Ultra-Fligh- 
Density Ferroelectric Memories” (NPO- 
19265), Vol. 19, No. 9, page 60; and 
“Multilayer Thin-Film Microcapacitors" 
(NPO- 19403), Vol. 19, No. 9, page 19a. 

An element of a memory device of the 
type considered here is a thin-film ferro- 


It has been conjectured that imprint is 
caused by the irreversible, gradual, 
cumulative migration of defects (e.g., 
oxygen vacancies) and/or electrically 
charged species under the combined 
influences of electric field and tempera- 
ture. Imprint is suspected to arise due to 
existence of a- axis inclusions (90° 
domain walls) in an otherwise c-axis ori- 
ented structure, as required for good 
memory performance. The photore- 


nique may also constitute the basis of a 
testing instrument for use in manufactur- 
ing ferroelectric nonvolatile memory 
devices: Such an instrument could be 
used to screen the devices for imprint 
without fatiguing the devices. 

This work was done by Santa Thakoor 
of Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, 
write in 42 on the TSP Request Card. 

In accordance with Public Law 96- 
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MECHATRONICS 


Transient solutions for 

ELECTROMECHANICAL SYSTEM SIMULATION 

Tj > X i Q Q is a technology breakthrough in the design and 
CIVIOO analysis of electromechanical systems. This leap in 
technology combines finite element analysis (FEA), mechanical 
dynamics and electronic circuit equations in a comprehensive, easy- 
to-use software package for electrical and mechanical engineers. 


With EMSS, electromagnetic devices designed with Ansoft's _ 
Maxwell software are simulated under true operating conditions. 
Voltage and current excitations from the drive circuitry 
combined with electrical and mechanical loads and mechanical 
motion are accurately simulated on MS Windows based PCs 
and Unix workstations. 


Ansoft, the leader in electromagnetic analysis, has bridged the 
gap between electrical, mechanical and electronic engineers 
with one easy-to-use software package that drastically reduces 
time to market. Applications include: solenoids, transformers, 
sensors, and a host of other electromechanical devices. 



EMSS includes a schematic capture module to drive transient 
simulations, offering graphical editing of electrical circuit 
models with automatic node numbering. The equivalent 
electrical circuit can be solved in either Maxwell SPICE or 
exported to Analogy's Saber format. 











Once the circuit has been defined and solved, the results can be 
viewed in the signal post processor. Magnetic FEA simulations 
need only be completed once and used for both initial conditions 
and time domain simulations - saving critical design time. 

Take the leap, can 412-261-3200 

for a FREE 30 day evaluation package. 


A 

ANSOFT 


Ansoft Corporation 
Pittsburgh, PA 15219-1119 USA 
TEL (412) 261-3200 
FAX (412) 471-9427 
Internet: EMinfo@ansoft.com 
http: //www.ansoft.com 






517, the contractor has elected to retain 
title to this invention. Inquiries concerning 
rights for its commercial use should be 
addressed to: 


Larry Gilbert, Director, Technology 
Transfer, California Institute of Technol- 
ogy, Mail Code 315-6, Pasadena, CA 
91125; (818)395-3288. 


Refer to NPO-19212, volume and 
number of this NASA Tech Briefs issue, 
and the page number of this Electronics 
Tech Briefs Supplement. 


Using Neural Network Technology to Produce 
an Intelligent Gas Microsensor 

NASA-developed simulator software helped create a trainable gas-detection system. 
Argonne National Laboratory, Argonne, Illinois 


Artificial neural networks (AN Ns), 
implemented using NASA-developed 
neural network simulator software, have 
been combined with a commercial pro- 
grammable microcontroller and a new 
electrocatalytic gas microsensor devel- 
oped at Argonne (ANL) to produce a 
unique trainable gas detection system. 

The ANL system employs cyclic 
voltammetry to produce electrical "signa- 
tures" from a cermet sensor sandwich. 
Cyclic voltammetry involves applying a 
changing voltage to an electrolyte mater- 
ial sandwiched between two electrodes. 
As the voltage across the electrodes 
changes, the current passing through the 
device is measured and a signature pro- 
duced by plotting this current against the 
applied voltage. 

As gases react on the surface of the 
device, the current passing through it is 
altered at voltages characteristic of each 
gas, and the signature shape changes. 
Early attempts at applying voltammetry 
found no acceptable way to quantify 
these shape changes. But ANNs pro- 
duced using the NASA NETS3.0 devel- 
opment package treat the sampled sig- 
natures as simple patterns and allow 
recognition, quantification, and classifi- 
cation of the signatures. 

The ability of the ANNs to identify a gas 
signature without dissecting it gives a 
system built around an ANN the capacity 
to be trained to recognize thresholds of 
simple mixtures, and the potential exists 
for recognition of very complex mixtures 
as well. This can be done by exposing 
the sensor to the desired mixture and 
training the support net to categorize and 
quantify the sampled signature. This 
strategy could be used to detect conta- 
minant intrusion into enclosed areas or to 
distinguish between burning materials to 
build a smarter fire alarm. It might be 
used to identify the complex microenvi- 
ronment surrounding cattle in heat, or 
even to detect the unique mixture of 
gases that are produced by an infesta- 
tion of insects such as termites. 

Researchers implemented a demon- 
stration trainable sensor system by using 


an ANL-modified version of the NETS3.0 
development package. A typical network 
for both benchtop and microcontroller 
demonstration systems took 24 samples 
over a 30-second span and scaled the 
values to a 0.15-0.85 range. The data 
were gathered and prescaled before 
being used to train a net. These values 
were used to train a 24-input:5-hidden:1 - 
output node net, typically to <2% error. 
The training for a given single gas of 
interest consisted of triplicate signatures 
of four gas concentrations. A second set 
of triplicates was used to validate the 
error achieved during training. 


Once the network was trained, the 
weight values were exported from the 
NETS3.0 package to complete an 
Assembly-language feedforward-only 
version of the net programmed on a 
commercial microcontroller. The weight 
values are the only difference between 
the nets that are trained to detect differ- 
ent gases. Distinguishing the network 
processing code from the weight values 
allowed a more universal piece of code to 
be programmed onto a microcontroller 
and the weight table optionally pro- 
grammed there as well, or onto a sepa- 
rate serial EPROM. If the serial EPROM 


was changed, the gas being analyzed for 
changed. The microcontroller used for 
the greater part of the demonstration 
work was a Micro™ PIC16C74 in a 40- 
pin DIP package. The chip has bidirec- 
tional I/O ports, on-board A/D, pulse 
width modulation, 4 kilobytes of program 
memory, 192 bytes of RAM, and very low 
power consumption. The serial EPROMs 
available were Microchip 24LC04B/08B 
with 2 X 256 bytes of RAM and were 
available in an 8-pin DIP package. 

This work was done by Michael C. 
Vogt, Erika L. Shoemaker, Daniel 
MacShane, and Tara Turner of Argonne 


National Laboratory as part of a 
research effort funded by the Naval 
Surface Warfare Center, Coastal 
Systems Station: POC John J. Kady, 
NSWC, CSS, 6703 W. Highway 98, 
Panama City, FL 32407-7001; 
Phone/FAX: (904) 235-51 12. It was per- 
formed under an interagency agreement 
with the U.S. Department of Energy (con- 
tract W-31-109-Eng-38). For further 
information, contact Michael C. Vogt, 
ANL, 9700 S. Cass Ave., Argonne, IL 
60439; (708) 252 7474; FAX: (708) 252- 
6407; E-mail: vogt@anl.gov. 


The system output is 
programmable. It can be a digital, 



Cyclic Voltammetry L j 

Data Acquisition and Temperature 

Signature Production Control Module 

"on-chip" 


The Intelligent Gas Microsensor demonstration system. 
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FET Circuit Monitors Charges Induced by 
Ionizing Radiation 

This circuit also provides some data on the energy spectrum of ionizing radiation. 
NASA's Jet Propulsion Laboratory, Pasadena, California 


interface states. The n-FETs are used to sion Laboratory. For further informa- 

evaluate the onset of radiation-induced tion, write in 40 on the TSP Request 

failures. Each p-FET is covered with a Card. 


VDD 



A 2 
A1 
AO 
E* 


{3 VSEN 


The Integrated Charge Monitor contains FETs that are used to sample the effects of ioniz- 
ing-radiation-induced charging of insulators in other, nearby FETs. 


An integrated circuit that contains 
field-effect transistors (FETs) provides 
measurements that indicate the buildup 
of electric charges, induced by ionizing 
radiation, in the gate oxides of the FETs. 
This circuit, called an “integrated charge 
monitor” (ICM) was designed to be 
mounted in a geosynchronous commu- 
nication satellite to obtain data repre- 
sentative of the ionizing-radiation- 
induced buildup of electric charges in 
the insulators in FETs in nearby circuits. 
The data are needed to assess the 
extent to which radiation-induced 
charging affects the operation of the 
nearby FETs. (The buildup of charge can 
eventually produce arcs, which can 
cause failure of the associated circuits.) 
Presumably, a modified version of the 
ICM could also be used in terrestrial 
high-radiation environments to assess 
the effects of ionizing radiation on FET 
circuits. 

The ICM (see figure) contains four p- 
FETs and two n-FETs. It also includes a 
radiation-hardened three-bit on-chip 
multiplexer, which reduces the overall 
number of external integrated circuits 
needed to process the ICM readings. A 
3.5-kft metal resistor is also included on 
the chip for use in calibrating the multi- 
plexer; this resistor can also be used as 
a thermometer because its temperature 
coefficient of resistance is about 14 

ore. 

One end of each FET and of the resis- 
tor are connected to the terminal 
labeled “OPI." At any given time, a pair 
of electronic switches in the multiplexer 
connects either (a) one of the FETs, (b) 
the metal resistor, or (c) the terminal 
labeled “EXT” to the terminals labeled 
“OPO" and “VSEN.” The multiplexer 
switch selection is controlled by external 
digital signals via terminals AO, A1 , and 
A2. External circuitry supplies a con- 
stant current via terminals OPI and OPO 
to excite the selected FET or resistor, 
and the voltage across the selected 
device is fed to external circuitry 
through terminal VSEN. This current 
(100 pA) and the offset voltage (1.5 V) 
are chosen so that the p-FETs oper- 
ate at their temperature-independent 
points. 

The charges that build up in the oxide 
and at the oxide/silicon interface of 
each FET cause a shift in the threshold 
voltage and an increase in the density of 


Kovar (or equivalent) radiation shield, 
which serves two purposes: First, each 
shield prolongs the operating life of its 
FET in the high-radiation environment. 
Second, the four shields are of different 
thicknesses, and the thicker a shield, 
the more it discriminates against lower- 
energy ionizing particles. Thus, the 
readings from the four differently shield- 
ed p-FETs also contain some informa- 
tion on the energy spectrum of the ion- 
izing radiation. 

This work was done by Martin G. 
Buehler, Brent R. Blaes, and George A. 
Soli of Caltech for NASA’s Jet Propul- 


In accordance with Public Law 96- 
5 1 7, the contractor has elected to retain 
title to this invention. Inquiries concern- 
ing rights for its commercial use should 
be addressed to: 

Larry Gilbert, Director 
Technology Transfer 
California Institute of Technology 
Mail Code 315 -6 
Pasadena, CA 91 125 
(818) 395-3288 

Refer to NPO- 19482, volume and 
number of this NASA Tech Briefs issue, 
and the page number of this Electronic 
Tech Briefs supplement. 
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The LPKF Protomat 91 S System provides faster 
turnaround and better throughput of circuit board 
prototypes than other methods. There is NO better value 
in prototype PCB fabrication systems-here’s why: 


• Takes your Gerber or 
HPGL files and produces 
Analog, Digital, RF or 
Microwave circuit board 
prototypes. 

• Windows software with 
programmable insulation 
width, multiple tool rub out, 
and full tool management. 


• Environmentally safe 
all mechanical process. 

• Fast payback - typically 
3-12 mos. 

• Full 1 year warranty. 

ASK ABOUT OUR AUTOMATED 
THRU-HOLE PROCESS 


• Small footprint from a 
fully integrated system 
package. 


CALL TODAY 1-800-345-5753 

FAX: (503) 643-3662 

IDA/C CAD/CAM 

Irni SYSTEMS INC. 

6190 S.W. Arctic Drive Beaverton, Or. 97005 


Diffusion-Cooled 
Hot-Electron 
Bolometer Mixer 

The mixer output frequency can range up to 
a few gigahertz. 

NASA’s Jet Propulsion Laboratory, 

Pasadena, California 

A superconducting hot-electron bolometer has been con- 
structed as a prototype of frequency-mixing devices that could 
operate at carrier and local-oscillator frequencies exceeding 1 
THz, putting out signals at intermediate frequencies (IFs) up to 
a few gigahertz. The most likely initial applications of such mix- 
ers would occur in radio-astronomy receivers, wherein IF 
bandwidths of at least 1 GHz are needed for molecular-line 
spectroscopy. 

The mixing process in a superconducting hot-electron 
bolometer relies on heating of the electron gas. Consequently, 
unlike a superconductor/insulator/superconductor (SIS) tun- 
nel-junction mixer, the bolometer mixer does not have an 
upper frequency limit related to the superconductive energy 
gap (indeed it absorbs power more nearly uniformly at fre- 
quencies above the gap frequency). Until recently, hot-electron 
bolometers have not been extensively used as heterodyne 
mixers because of a limitation imposed on the IF bandwidth by 
the thermal-relaxation time of heated electrons in bulk devices. 
In bulk indium antimonide bolometers, for example, the IF roll- 
off frequency is only about 1 MHz. Recently, hot-electron 
bolometers containing very thin superconductive films have 
been proposed to achieve practical IF bandwidths of several 
GHz. Bolometer mixers containing thin NbN films and relying 
on electron/phonon interactions to cool the electrons have 
recently exhibited IF bandwidths near 700 MHz. 

The present device (see Figure 1) differs from older super- 
conducting hot-electron bolometers in that the thermal con- 
ductance that cools the heated electrons is provided by rapid 
electron diffusion rather than phonon emission. To achieve the 
short electron diffusion time required for a high IF bandwidth, 
the superconducting circuit element (in this case, a strip of nio- 
bium) is made very short (about 0.28 pm), with a width of about 
0.14 pm. The Nb film is also made very thin (10 nm) to place it 
in the “dirty” limit, in which the very short mean free path (1 to 
1 0 nm) enhances electron/electron interactions relative to elec- 
tron/phonon interactions. Thus, when absorbing RF power, the 
electron gas can thermalize at a temperature higher than that 
of the Nb lattice. The small electron specific heat and the high 
thermal conductance provided by diffusion result in a very short 
thermal response time — about 55 ps — and a corresponding 
3-dB IF rolloff frequency between 2 and 3 GHz. 

To prevent Andreev reflections, which could increase the 
response time of the device, both ends of the Nb are placed in 
contact with normal conductive metal films (Au films 1 00 nm 
thick) rather than superconductors. The gold films, in turn, are 
in contact with a waveguide probe and a filter circuit patterned 
from a 1 10-nm-thick Nb layer. The device was fabricated on a 
fused-quartz substrate. The superconducting transition of the 
Nb film is centered at a critical temperature (T c ) of =4.7 K, with 
a transition width of =1 .2 K (in a thin dirty film of Nb, the T c is 
suppressed relative to the bulk T c value of about 9.2 K). 

In preparation for tests, the device was mounted in a wave- 
guide mixer block that was cooled to a temperature of 2.2 K. 
Using a multiplier chain driven by a Gunn oscillator to generate 
local oscillator power at 533 GHz, and hot and cold black- 
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body radiators as calibrated weak signal 
sources, the output intermediate fre- 
quency response was measured. The 
measurements yielded a lowest receiver 


sition temperature range (5.3 K) corre- 
sponds to a superconducting gap fre- 
quency of 410 GHz, which is well below 
that of the mixing experiments. 



Figure 1 . The Thin Strip of Niobium is the heart of the diffusion-cooled hot-electron bolometer. 



Intermediate Frequency. GHz 


Figure 2. The Curve Fitted to the Data Points is characterized by a 3-dB rolloff frequency of 
1.7 GHz. 


noise temperature of 650 K and an esti- 
mated conversion efficiency of -1 1 .4 dB 
(double sideband) at a local-oscillator 
frequency of 533 GHz. The 3-dB rolloff in 
conversion efficiency in the IF band was 
found to lie between 1.7 and 1.9 GHz 
(see Figure 2), depending slightly on the 
dc bias point of the bolometer. The 
upper limit of the superconducting-tran- 


This work was done by Anders 
Skalare, William McGrath, Bruce 
Bumble, and Henry LeDuc of Caltech 
and Peter Burke, A. A. Verheijen, and 
Daniel Prober of Yale University for 
NASA’s Jet Propulsion Laboratory 
For further information, write in 70 on 
the TSP Request Card. 

NPO-19719 


LITERATURE SlQrLIGHT 

Free catalogs and literature for 
Electronics Tech Briefs' readers. 

To order, write in the 
corresponding number on the 
Readers Information Request 
Form (preceding page 65). 


VXI 

PRODUCTS 

With hundreds of HP 
and third- party prod- 
ucts suited to applica- 
tions ranging from 
aerospace to telecom- 
munications. the HP VXI catalog is all you need to 
assemble VXI instruments, mainframes, and compo- 
nents into a complete working test system. And it's 
yours absolutely free. To receive your free catalog, call 
Hewlett-Packard today at 800-452-4844, ext. 1803. 

Hewlett-Packard 

For More Information Write In No. 300 

CD-ROM 
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OF NASA 
TECHNOLOGY 

JB Data announces The NASA Technology CD-ROM, con- 
taining 800 previously unpublished NASA software pro- 
grams, abstracts of 90,000 NASA technical reports, front 
pages and claims to more than 2800 NASA patents, and 
more. Source code listings for expert systems, CAD/CAM, 
aerospace analysis, robotics, and materials analysis pro- 
grams. Special Bonus: 5700 NASA Tech Bnefi published 
over 8 years; NASAs CLIPS expen system, a $350 value if 
purchased separately. Runs on Windows. Price: $195. JB 
Data. 317 Madison Ave., New York, NY 10017; (212) 
490-3999; Fax: (212) 986-7864. 

JB Data 
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NEW PRODUCTS 



Surface-Mount 
Temperature 
Sensor 

The Thermal-Ribbon™ 
surface- mount tem- 
perature sensor from Minco Products, Inc., 
Minneapolis, MN, consists of a 10,000-ohm platinum 
resistive thermal detector in a flat package measuring 
5X15 mm (0.2 X 0.6 in.), and less than 2 mm (0.8 In.) 
thick over the sensing area. The large base resistance 
yields a sensitivity of close to 40 ohms per degree C, 
allowing, the company says, precise 2-wire measure- 
ments over narrow temperature intervals using simple 
input circuits. Encapsulated in polyimide with Teflon 
lead wires, the units are designed to withstand harsh 
environments, caustic chemicals, and rough handling. 

For More Information Write In No. 800 


Ceramic 
Surface- 
Mount 
Crystal 

The ECCM5 
microproces- 
sor crystal from 
Ecliptek Corp., 
Costa Mesa, CA, is a compact ceramic surface- 
mount device with a footprint of 6.0 X 3.5 X 1 .0 mm. 
The company says its great frequency stability makes 
it suitable for wireless, RF, microwave, telecom, and 
satellite applications. It is available in a nominal fre- 
quency range of 10-150 MHz. Frequency stabilities of 
±5-±30 ppm are available depending on operating 
ranges, which vary from -10/+60 °C to -20/+85 °C. 
Drive level is 100 pW maximum. 

For More Information Write In No. 803 

EMI Shielding 
Gaskets 

Bal Seal Engineering, 
Santa Ana, CA, says 
that independent test- 
ing shows its line of 
EMI shielding gaskets 
can deliver shielding 
effectiveness of more 
than 100 dB to 1 GHz. The gasket's patented design 
uses coiled beryllium-copper wire with inclining coils 
that deflect independently when compressed. They 
can be plated with gold, silver, tin, or nickel to lower 
contact resistance or improve corrosion resistance. 
Standard nominal sizes, from 1/32 to 3/8 in., are avail- 
able in continuous or cut lengths and welded rings. 

For More Information Write In No. 806 





Wide 

Application 
Range for 
DIP 

Switches 

The new line of 
A6E/S/T DIP 


switches from Omron Electronics, Schaumburg, IL, 
offers a variety of mounting options and configura- 
tions. There is a surface-mount version (A6S) for PC 
boards and other space-confined applications, a 
side-actuated version (A6ER) for enhanced mounting 
flexibility, and a sealed-bottom version (A6E) to pre- 
vent flux penetration. The switches, which range from 
1-10- pole versions, can be automatically mounted 
with DIP 1C insertion machines. 


For More Information Write In No. 809 


Miniature Triple- 
Mode Sensor 

Columbia Research Lab- 
oratories, Inc., Woodlyn, 
PA, says that its Model 
SAT- 100 is the industry's 
first triple- mode sensor 
integrated into a single 
miniature housing. Com- 
bining a force-balance servo accelerometer, a piezo- 
electric accelerometer, and a solid-state temperature 
sensor, the device can measure linear acceleration 
with DC response, dynamic broadband vibration, and 
environmental temperature simultaneously. The three 
internal sensors are powered with +15V DC to less 
than 25 mA. 

For More Information Write In No. 801 




Inductors 
Qualified 
to MIL- 
C-39010 


Established 
Reliability (E- 
Rel) inductors from Dale Electronics Inc., Columbus, 
NE, have an inductance range from 0.10-33 pH and 
within this range can be specified to three tolerance 
levels: ±5 percent, ±10 percent, and ±20 percent. 
Core types are phenolic or iron, and all have molded 
construction. There are two operating temperature 
ranges based on core type: 55 to 1 05 °C and -55 to 
125 °C. Both shielded and unshielded models are 
available. 


For More Information Write In No. 804 



Fan Heat Sinks 
far the 
Pentium Pro 

Aavid Thermal Tech- 
nologies Inc., Concord, 
NH, announces the 
Allegro R fan heat sink family for use with Intel's 
Pentium Pro™ microprocessor. Equipped with A-Pli 
thermal interface pads, the device delivers 0.9 °C/W 
case-to-ambient. Pairing a conventional heat sink 
with a ball bearing fan, rated 50,000 hours at 25 °C, 
the device is the newest addition to Aavid's more 
than 50 Pentium heat sinks. Allegro heat sinks are 
available with either dual internally captivated Intel 
Pentium Pro clips, or a single Aavid EZ Sink-to- 
Socketa clip to fasten it to the microprocessor socket. 

For More Information Write In No. 807 



Power Entry 
Filters 

Designed for broad- 
band EMI filtering, 
the line of power 
entry filters from 
Spectrum Control, 
Inc., Fairview, PA, includes power entry modules, PC- 
board-mounted power filters, and power line filters. 
The modules are rated for voltages up to 10 A and 
available with a variety of terminal styles. The mount- 
ed filters are rated for AC or DC up to 3.6 A and stan- 
dard for two wire cord systems. The line filters are 
available in single and multisection circuits and suit- 
able for products that must conform to FCC and FTZ 
regulations. 

For More Information Write In No. 810 


Switching Power 
Supply with 
Variations 

Xentek, Inc., San Marcos, 
CA, says its Mosaic™ 
series of modular, open- 
frame switching power 
supplies is so named 
because more than 2500 
variations may be configured using the same off-the- 
shelf package. Available in power ratings from 225- 
500 W, the unit has an autoranging input that oper- 
ates continuously between 90-264 V AC. Main-chan- 
nel output is either 3.3 V or 5 V DC at 55 A, with up 
to three auxiliary modules providing adjustable out- 
puts from 4.75-48 V at 5 or 10 A. The user can select 
two fixed voltages from 5, 12, 1 5, or 24 V at 1 A. 

For More Information Write In No. 802 

Image 
Acquisition 
Board for PCs 

National Instruments, 
Austin, TX, announced 
the IMAQ™ PCI- 1408, 
its first image acquisition board for PCI-based 
Windows 95/NT PCs. The monochrome board works 




with RS-170, NTSC, CCIR, and PAL video standards 
from any of four input sources. The IMAQ PCI-1408 
features the company's Real-Time System Integration 
(RTSI™) bus for timing synchronization with its line of 
data acquisition products for image and transducer 
data correlation. With these and the IMAQ PCI- 1408, 


applications such as real-time process control, 
assembly verification, part counting/sorting, wafer 
inspection, and bar-code reading can be addressed. 

For More Information Write In No. 805 

Electronic 
Design 
Automation 
for PCs 

MicroSim Corp., 
Irvine, CA, calls its 
new DesignLab™, 
designed express- 
ly for PCs, the first and only electronic design 
automation (EDA) system for Microsoft Windows R 
with a single user interface for designing mixed ana- 
log/digital circuits from start to finish. The company 
says the system permits engineers to move back and 
forth freely between design facets, from schematic 
entry and analog/digital simulation to programmable 
logic synthesis and PC board layout, and make 
improvements continually. 



For More Information Write In No. 808 
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Surface- 

Mount 

Divider 

Network 

IRC Inc., Corpus 
Christi, TX, has 
expanded its line 


of silicon-based TanNSil R thin-film resistors to include 
a surface-mount divider network in an SOT-23 pack- 
age. Designated the SOT series, this network is suit- 
ed for low-cost applications that demand a small PC- 
board footprint (0.025 in. square). The series is avail- 
able in values ranging from 10 ohms to 100 kilohms 
and a maximum wattage rating of 0.25 W per resis- 
tor. Maximum operating voltage is 1 00 V and noise is 
less than -25 dB. 


For More Information Write In No. 81 1 
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Machinery/Automation 


Staged Regenerative Sorption Heat Pump 

Coefficients of performance would be increased by staged compression. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 


The figure illustrates older and newer 
versions of a proposed regenerative 
sorbent-compressor heat pump that 
could be used to heat or cool a home, 
office, industrial ouilding, or vehicle. 
Both versions would operate with non- 
ozone-depleting, working fluids such 
as R134a or ammonia. The newer ver- 
sion would offer somewhat greater 
energy efficiency with minimal added 
complexity. The basic configuration 
and principle of operation of the 
older version are similar, in most re- 
spects, to those of the proposed heat 
pump described in “Improved Regen- 
erative Sorption-Compressor Refrigera- 
tor" (NPO-1821 1), NASA Tech Briefs, 
Vol. 16, No. 8 (August 1992), page 61. 
There would be four activated -charcoal 
sorption compressors, which would 
adsorb a working fluid (in this case, 
ammonia) when cooled and desorb the 
working fluid when heated. 

Each compressor would be connect- 
ed to two fluid loops: one containing 
the ammonia working fluid, the other 
containing oil, which would be circulat- 
ed by a pump through all the sorption 


compressors, through a radiator (for re- 
jection of heat or to supply heat to the 
inhabited space), and through four inter- 
nal sources of heat. By appropriate tim- 
ing of the four internal sources of heat 
and of solenoid-actuated valves, the oil- 
circulating loop would pass a cyclic 
wave of heating and cooling among the 
four sorption compressors, thereby cre- 
ating a cyclic wave of sorption and 
desorption that would cause the work- 
ing fluid to circulate through an associ- 
ated refrigeration stage, which is not 
shown in the figure. 

In the older version, the four sorption 
compressors would be cyclically heat- 
ed and cooled in sequence, such that 
each would be cycled between adsorp- 
tion of ammonia at 73 psi (0.50 MPa) 
and desorption of ammonia at 212 psi 
(1.46 MPa). In the newer version, the 
sorption and desorption would be per- 
formed in stages: during one phase of 
operation, for example, sorption com- 
pressors 3 and 4 would act as a first- 
stage compression subsystem that 
would operate between 73 psi and 124 
psi (0.50 and 0.85 MPa, respectively); 


sorption compressors 1 and 2 would act 
as a second-stage compression sub- 
system that would raise the pressure 
from 124 to 212 psi (0.85 and 1.46 
MPa, respectively). 

A cycle could begin with the heating 
of compressor 3 to desorb ammonia at 
124 psi (0.85 MPa) and send it to com- 
pressor 1 . In the next phase, compres- 
sor 2 (which would contain ammonia 
adsorbed during the preceding cycle) 
would be heated to desorb ammonia at 
212 psi (1.46 MPa) and send it through 
the refrigeration stage, where it would 
be expanded to 73 psi (0.50 MPa) to 
provide cooling at a temperature of 40 
°F (about 4 °C). The ammonia returning 
from the refrigeration stage at 73 psi 
(0.50 MPa) would be adsorbed by 
cooled compressor 4. Next, compressor 
1 would be heated to desorb ammonia 
at 212 psi (1 .46 MPa), and so on. 

The newer version, with its staged 
compression, would produce about 50 
percent more high-pressure ammonia 
than would the older version for the 
same expenditure of energy. The coeffi- 
cient of performance (the cooling or 



The Older and Newer Versions of the regenerative sorption heat pump would have the same number of components, but their heating and 
cooling cycles and the switching valves would be timed differently. In the older version, each compressor would operate between the two 
extremes of pressure; in the newer version, each compressor would effect only one of two stages of compression. 
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heating power -r the power needed to 
run the heat pump) in cooling would be 
1 .2 for the newer version (vs. 1 .0 for the 
older version); the coefficient of perfor- 
mance in heating would be 2.2 for the 
newer version (vs. 2.0 for the older ver- 
sion). The older configuration is being 
commercialized for home heat pumps 
and mobile air-conditioners, while the 
newer configuration is being consid- 


ered for commercial refrigeration. 

This work was done by Jack A. Jones 
of Caltech for NASA’s Jet Propulsion 
Laboratory For further information, 
write in 45 on the TSP Request Card. 

In accordance with Public Law 96- 
517, the contractor has elected to 
retain title to this invention. Inquiries 
concerning rights for its commercial use 
should be addressed to: 


William T. Callaghan, Manager 
Technology Commercialization 
JPL-301 -350 
4800 Oak Grove Drive 
Pasadena, CA 91 109 
Refer to NPO- 19008, volume and 
number of this NASA Tech Briefs issue, 
and the page number. 


Heat-Cascading Regenerative Sorption Heat Pumps 

Heat from hotter chemisorption reactions would energize cooler physisorption 
or chemisorption reactions. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


Heat-cascading regenerative sorp- 
tion heat pumps are conceptually sim- 
ilar to some of the proposed sorption 
heat pumps reported previously in 
NASA Tech Briefs , except that they 
would incorporate additional sorption 
reactions for greater efficiency. One 
prior non-heat-cascading regenerative 
sorption heat pump in this line of 
development was described in “Im- 
proved Regenerative Sorbent-com- 
pressor Refrigerator” (NPO-1821 1), 
NASA Tech Briefs, Vol. 16, No. 8 
(August 1992), Page 61; another is 
described in the accompanying article, 
“Staged Regenerative Sorption Heat 
Pump” (NPO-19008). Each of these 
prior conceptual heat pumps is based 
on physisorption reactions of a single 
type. However, in a proposed heat- 
cascading regenerative sorption heat 
pump, waste heat from a hotter 
chemisorption reaction would energize 
a cooler physisorption or chemisorp- 
tion reaction. 

Typically, the working fluid in both 
the hotter and cooler reactions would 
be ammonia. The working fluid could be 
cycled between the same extremes of 
pressure in both the hotter and cooler 
reactions (as in a home-heating or 
home-cooling heat pump). Alterna- 
tively, the working fluid in the hotter 
reaction could be cycled over a wider 
pressure swing (as in the freezer sec- 
tion of a home refrigerator) while the 
working fluid in the cooler reaction 
would be circulated over a narrower 
pressure swing (to cool the associated 
refrigerator section). 

For example, the heat-cascading 
heat pump illustrated schematically 
in the figure would incorporate a hot- 
ter chemisorption cycle in which 
ammonia would be absorbed in mag- 
nesium chloride at a temperature of 
180 °C and pressure of 0.5 MPa and 


ScHenoid-Actuated 



Notes: 1 . XX’ denotes a heat exchanger. 

2. "P* denotes the pressure of ammonia in MPa. 

3. T denotes temperature in °C. 

4. "COP" denotes coefficient of performance. 


This Heat-Cascading Regenerative Sorption Heat Pump is shown here at one phase of 
its heating/cooling cycle. Cyclic waves of heating and cooling would be propagated among 
the four physisorption units by timed control of solenoid-actuated pumps (as in other regen- 
erative sorption heat pumps), accompanied by synchronized reversal of the reversible pump 
shown at the lower left. 
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desorbed from magnesium chloride at 
a temperature of 220 °C and pressure 
of 1.5 MPa. A reversible pump would 
circulate hot oil to the MgCI 2 to provide 
heating. The oil would also pass through 
one of four heat exchangers, where it 
would be cooled before cooling the 
MgCI 2 to 180 °C. 

In the heat exchanger, heat from the 
oil would be transferred to the cooler 
secondary regenerative physisorption 
cycle, in which ammonia would be de- 
sorbed from carbon at 200 °C and 1 .5 
MPa and absorbed on carbon at 40 °C 


High-Performance 
Robotic Vehicle 

The latest model is smaller 
and more capable than 
its predecessors. 

NASA’s Jet Propulsion 
Laboratory, Pasadena, 
California 

Rocky 7 is the most recent in a series 
of prototype semiautonomous robotic 
vehicles that execute tasks with mini- 
mal supervision by remote human oper- 
ators. The vehicles in this series have 
been called, variously, “rovers” and “mi- 
crorovers,” and have been undergoing 
development for use in remote scientif- 
ic exploration of the surface of Mars. 



Rocky 7 includes a chassis with dimen- 
sions of 4 1 by 27 by 1 5 cm. The chassis holds 
computer hardware, scientific instruments, 
communication equipment, and power 
equipment. The total power demand is 48 W. 
of which the computer system draws 28 W. 
The total mass of the vehicle is 1 1 .5 kg. The 
maximum speed of the vehicle is 30 cm/s. 


and 0.5 Pa. Calculations show that with 
ammonia as the working fluid, heat 
cascading would increase coefficients 
of performance by about 30 percent 
over those of simple regenerative 
physisorption heat pumps. Similarly, 
heat cascading combined with staging 
as described in the accompanying arti- 
cle should yield overall increases of 
about 50 percent. 

This work was done by Jack A. Jones 
of Caltech for NASA’s Jet Propulsion 
Laboratory For further information, 
write in 94 on the TSP Request Card. 


In accordance with Public Law 96- 
517, the contractor has elected to retain 
title to this invention. Inquiries concerning 
rights for its commercial use should be 
addressed to: 

Larry Gilbert, Director 
Technology Transfer 
California Institute of Technology 
Mail Code 315-6 
Pasadena, CA 91 125 
(818) 395-3288 

Refer to NPO-19018, volume and num- 
ber of this NASA Tech Briefs issue, and 
the page number. 


RUSSIA'S SECRET TECHNOLOGIES 
REVEALED 


With the Cold War over and Iron Curtain "lifted.” Russia is 
making available a treasure of previously-classified technologies and 
products developed for space, military, and other major R&D 
programs in the former Soviet Union. 


You can discover the BEST opportunities FIRST with Russian Tech 
Briefs, the official technology transfer publication of the Russian 
Space Agency (RSA), produced in partnership with the publishers of 

NASA Tech Brief. 





Russian Tech Brief has exclusive first publishing rights to the top inventions developed by the 
RSA’s research labs and contractors.. .proven, commercially-promising inventions “spun oflH from 
leading-edge projects such as the Mir Space Station. The bimonthly newsletter covers innovations in 
electronics, computing, bio/medicinc, manufacturing, materials science, and other critical fields. Plus, it 
features inside information on Russia's space plans; profiles of Russia's leading R&D centers; expert 
advice on doing business in the Russian market; and a free subscriber service for ordering licensing 
and other detailed information about technologies featured in the bnefr. 


Subscribe nowand receive a full year of Russian Tech Brief for just $195, or two years for $345. 
A single application could repay this modest investment many times over. Don't let your competition get 
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They could also be used on Earth in 
such applications as remote surveillance 
and routine operations in hostile envi- 
ronments. 

Rocky 7 offers the following important 
performance advantages over its prede- 
cessors: 

• A computer system containing modern 
hardware, with software including a 
real-time operating system; 

• A computing environment, provided by 
both computing hardware and generic 
software, that is conducive to the 
development of reconfigurable control 
software; 

• A vision subsystem that includes two 
stereoscopic pairs of cameras — one 
forward-looking and one rearward- 
looking; 

• A miniature manipulator for acquiring 
samples and aiming integrated sci- 
entific instruments; 

• Fewer locomotion actuators. 


Rocky 7 (see figure) has approximate- 
ly the same size, mass, and overall num- 
ber of mechanical degrees of freedom as 
does a predecessor — the Pathfinder 
mission microrover, Sojourner — but the 
mechanical degrees of freedom are re- 
distributed to give Rocky 7 greater func- 
tionality. The number of degrees of free- 
dom for mobility have been reduced 
from ten in Sojourner to six in Rocky 7; 
the remaining four degrees of freedom 
are used in Rocky 7 for the manipulator, 
which can dig, scoop, point, and grasp. 

The software architecture of Rocky 7 
facilitates the creation of C++ software 
modules and the connection of these 
modules into asynchronous finite-state 
machines and synchronous data-flow 
control loops. Asynchronous activities 
are initiated by a queue of operator 
commands. Aboard Rocky 7, these 
commands cause state transitions in 
one of three state machines: navigation, 


vision, and manipulation. The image 
data provided by the forward- and rear- 
ward-looking stereoscopic pairs of 
cameras are used by navigation soft- 
ware to negotiate paths around rocks 
and other obstacles. 

Instead of the flat, fixed solar photo- 
voltaic array like those that powered its 
predecessors, Rocky 7 includes a solar 
array that can be turned to face the Sun, 
maximizing collected power and en- 
abling high-latitude mission scenarios. 
To further economize on power usage, 
passive stereo vision is used for obsta- 
cle detection, instead of the active 
laser-stripe triangulation technique 
used on Sojourner. 

This work was done by Richard Volpe, 
J. Balaram, Robert Ivlev, and Timothy 
Ohm of Caltech for NASA’s Jet 
Propulsion Laboratory. For further 
information, write in 64 on the TSP 
Request Card. NPO- 19921 


Numerical Simulation of Flow in a Wave Rotor 

A relatively simple mathematical model accounts for major features of performance. 
Lewis Research Center, Cleveland, Ohio 


A mathematical model has been 
developed for use in predicting the 
performance of a wave rotor. Wave 
rotors (also called “pressure exchang- 


ers”) are potentially useful for ac- 
hieving high overall pressure ratios 
and peak cycle temperatures in fu- 
ture gas-turbine engines. Shown 


schematically in Figure 1, a wave 
rotor is a rotor that contains longitu- 
dinal passages. The ends of the 
passages are alternately opened to 



Figure 1 . A Wave Rotor provides a combination of switching valve action and wave propagation. With suitable design, it could improve 
the performance of an advanced gas-turbine engine. 
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stationary upstream ports, closed by 
stationary upstream and down- 
stream walls, and opened to station- 
ary downstream ports, all by virtue of 
rotation about a longitudinal axis. The 


the various ports and walls on the 
upstream and downstream ends. 
The ports and walls establish the 
boundary conditions upon the equa- 
tions for the flows of mass and heat. 


dure that also involves initial guess- 
es and recomputation, as needed, to 
obtain consistent results. 

The model was tested by compar- 
ing its predictions with measure- 
ments taken on three different wave 
rotors. As shown by the example of 
Figure 2, the predictions are in sub- 
stantial agreement with the measure- 
ments. The only significant discrep- 
ancies that were found lay in the pre- 
dicted mass flows, which were 10 to 
30 percent too high. It is believed 
that this is due to blockage caused 
by the finite thickness of the pas- 
sage walls. 

This work was done by Daniel E. 
Paxson and Gerard E. Welch of Lewis 
Research Center and Jack Wilson of 
Sverdrup Technology, Inc. Further in- 
formation may be found in AIAA-93- 
0482, “An Improved Numerical Model 
for Wave Rotor Design and Analysis" 
and AIAA-93-2522, “A Comparison 
Between Numerically Modeled and 
Experimentally measured Loss Mecha- 
nisms in Wave Rotors. " 

Copies may be purchased [prepay- 
ment required] from AEROPLUS, Bur- 
lingame, California 94010, Telephone 
No. (800) 662-2376, Fax No. (415) 259- 
5047. LEW-15915 



Figure 2. The Relative Pressures at two axial locations in a passage in a wave rotor were 
predicted and measured as functions of the angle of rotation. 


cycle of alternating openings and 
closings generates unsteady waves 
in the passages. These waves can be 
used to transfer energy to and from 
the working fluid that flows in the 
passages. 

The model is capable of predicting 
the performance of a wave rotor of 
specified geometry over a wide range 
of operating conditions. The model 
treats the working fluid as a perfect 
gas that flows in one dimension — 
along a passage. The equations of the 
model include source terms that 
account for the major loss mechanisms 
of leakage from the ends of the pas- 
sages, viscosity of the working fluid, 
transfer of heat from the working fluid 
to the walls of the passages, finite 
opening times, shock waves, and 
nonuniformity of flows through the 
ports. Because of its one-dimensional- 
ity, this model is simple (in comparison 
with more complicated two- and three- 
dimensional models) and uses little 
computer time: this makes it suitable 
for design as well as analysis. 

A computer program that imple- 
ments the model integrates the one- 
dimensional equations of motion of the 
gas in a single passage as the rotation 
moves the ends of the passage across 


Ports are specified in terms of their 
angular locations relative to a fixed 
point on the wave rotor, and by repre- 
sentative pressures and temperatures. 
The computer program accommo- 
dates as many as six ports — three on 
each end. With each time step, At, of 
the numerical integration, the passage 
advances an increment of angle given 
by Ad = (oAt, where o is the angular 
speed of rotation. 

When the flow is into the passage, 
the pressure and temperature are 
interpreted as stagnation values. 
When the flow is out of the passage, 
only the port pressure is required, 
and it is interpreted as a static value. 
Because of this directional depen- 
dence of the boundary conditions at 
the ends of the passage, the prob- 
lem of determining the direction of 
flow is slightly complicated. The 
problem is solved by use of an itera- 
tive computational procedure that 
begins with an assumption of out- 
ward flow and ends with a recompu- 
tation under an assumption of inward 
flow if the initial assumption of out- 
ward flow leads to an inconsistent 
result. The effects of finite opening 
times at the ends of the passage are 
treated by another iterative proce- 
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Manufacturing/Fabrication 


Improved Texturing of Surgical Implants for Soft Tissues 

Less labor is needed to prepare mold surfaces. 

Lewis Research Center, Cleveland, Ohio 


Textured silicone rubber parts for sur- 
gical implantation in soft tissues can be 
made by a process that is improved in 
that less (in comparison with older 
processes) labor is needed to obtain the 
desired surface textures. The textures 
(typically, microscopic bumps on other- 
wise smooth surfaces) help to fix the 
implants in place and to promote the 
growth of the surrounding tissues in the 
desired formations. 

In general, silicone rubber surgical im- 
plants are molded, and the desired sur- 
face textures are obtained by corre- 
spondingly indenting the mold surfaces 
prior to molding. Previously, mold sur- 
faces were indented by a variety of 
labor-intensive and thus expensive fab- 
rication steps. The improved process 
is less labor-intensive, yet it provides 
a dense, random distribution of micro- 
scopic dents. 

The figure illustrates the improved 
process as it is carried out for a typical 
two-piece epoxy mold that has been 
made from a model of the implant. First, 
the mold is cooled enough to make a 
thin film of water condense on it from 
the surrounding air. The wet mold sur- 
faces are dusted with ordinary table 
salt, some of the crystals of which 
adhere to the surfaces and become 
partially dissolved at the points of adhe- 
sion. The water film is allowed to evap- 
orate, leaving the sodium chloride 
crystals clinging to the mold surfaces. 

The mold is placed in a vacuum 
chamber, where a thin film of aluminum 
is deposited on the mold surfaces and 
the adhering salt crystals. After depo- 
sition, the salt crystals are removed, 
either by use of a soft brush or by dis- 
solution in water. At this stage, the alu- 
minum film contains pinholes at the 
former sites of the salt crystals. 

The mold is placed in a radio-fre- 
quency plasma asher, where atomic 
oxygen passes through the pinholes 
and attacks the underlying epoxy (but 
not the aluminum film), forming hemi- 
spherical craters under the aluminum 
film. When the craters have grown 
large enough (typically, about 400 pm 
in diameter), the mold is removed from 


the asher and the aluminum film is 
etched away chemically. 

The mold is then ready for use. 
Silicone rubber is injected into the mold 
cavity, where the hemispherical craters 
impart bumps to the surface of the 
cast silicone implant. The size and 
spacing of the mold craters can readi- 
ly be controlled during fabrication of 
the mold to produce a cast implant 
with optimum texture for fixation in 
the tissue. 


This work was done by Bruce A. 
Banks and Sharon K. Rutledge of 
Lewis Research Center For further 
information, write in 59 on the TSP 
Request Card. Inquiries concerning 
rights for the commercial use of this 
invention should be addressed to 
NASA Lewis Research Center, Com- 
mercial Technology Office, Attn: Tech 
Brief Patent Status, Mail Stop 7-3, 
21000 Brookpark Rd., Cleveland, OH 
44135. Refer to LEW-15805. 


Two-Part Epoxy Mold 


Silicone Rubber 
Cast Implant 



MOLD WITH SMOOTH SURFACES 


Film of Water Condensed 
From Water Vapor 




minum 



Step 1 


Step 2 


Step 3 





Step 4 


Step 5 

STEPS IN TEXTURING MOLD SURFACES 


Step 6 




MOLDING A TEXTURED IMPLANT 


Microscopic Craters are made in the mold surfaces in this sequence of steps. The craters 
impart microscopic bumps to the cast product. 
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There's only one national design show 
for these successful engineering teams. 
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I brought our design team for shrink packaging machinery to the 
National Design Show for a few days to look at new products, 
parts and to get ideas to help us stay ahead of our competition. 
Next year. I'll bring our purchasing people too. 

Jeff Eastey, President 

Eastey Enterprises, Inc., Rogers, Minnesota 


Because quality and speed to market are two of our biggest 
challenges, our team leader brought our seven member project 
team here to the National Design Show. Everything is so hands- 
on, we can really do some valid testing. This kind of broad 
exposure to new hardware and componentry sure beats looking 
through catalogs. 

April H. Lenker, Holly F. Bose, Larkin Holavarri 

Manufacturing Development Engineers, Hewlett Packard, Corvallis, Oregon 


When your success depends on finding the best solutions 
to improving your OEM product or manufacturing process 
design, only the 45th National Design Engineering Show 
will do. On March 10-13. 1997 at Chicago’s NEW McCormick 
Place South, more design engineering professionals will 
gather at the National Design Engineering Show than at any 
other design show in the USA. Over 34,000 design engineers 
like you from coast to coast select this annual Show and Conference 
as the one professional tool they can’t live without. 

With 3 miles of aisles filled with over 1,000 leading 


manufacturers, there is no better place to personally experience 
all the latest tools, technology, components, materials, ideas and 
products. And with a leading industry conference as a bonus, 
developed by working pros like yourself, your trip to Chicago 
will prove to be even more rewarding. 

Come find solutions, share ideas and learn all you’ll need 
to know for success in the year ahead. Pre-register to save time 
and money. Send for complete information and mark your 
calendar today. 
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a high performance seal 
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Ultralight Thermal Radiator 

A modular heat-pipe unit is made of 
metal foil and polymer sheets. 

Lyndon B. Johnson Space Center, 

Houston, Texas 

An ultralightweight heat radiator contains many parallel 
heat pipes made of laminated sheets of metal and plastic. 
Versions of the panel can have mass densities between 1 .3 
and 3.5 kg/m 2 — from one-tenth to one-fourth the densities 
of previous radiators. The multiple heat pipes provide redun- 
dancy and reliability; if one of its pipes fails, the radiator 
suffers a slight decrease in effective area, not a complete 
shutdown. 

Developed for use in a thermal-control system on a Moon 
base (see figure), the radiator could be useful on Earth — per- 
haps as a lightweight, portable heat exchanger for a tempo- 
rary structure. Water is the working fluid — a suitable non- 
toxic, nonflammable material for inhabited spaces. 

The heat-pipe envelope is a thin, flexible, pressure-tight, 
heat-sealable laminate. Fabrication is simple: two thin 
sheets of the laminate are heat-sealed at their edges. The 
radiator panel can be rolled or folded for transportation to 
a site, then unfurled for use. 

The laminate consists of multiple polymer and metal-foil 
layers bonded together. The metal foil serves as an imper- 
meable (pressure-sealing) barrier, while the polymer layers 
support and protect the metal, preventing large local stress- 
es that would open pinholes in the metal foil if the foil were 
unsupported. 

This work was done by Scott D. Garner and Nelson J. 
Gernert of Thermacore, Inc., for Johnson Space Center. 
For further information , write in 83 on the TSP Request 
Card. MSC-22272. 



The Ultralight Radiator, shown here cooling a habitat on the Moon, 
would be portable and thus well suited to use at temporary installa- 
tions on Earth. 


72 


For More Information Write In No. 425 


NASA Tech Briefs, January 1997 



| Mathematics and 
f Information Sciences 


Compressing Image Data With Minimal Perceptual Errors 

Invisible or nearly invisible errors are tolerated for the sake of enhanced compression. 

Ames Research Center, Moffett Field, California 


A computational scheme for reducing 
the number of bits needed to convey 
digital imagery is based partly on a con- 
cept of management of the quantization 
errors that increase with increasing 
degree of compression (decreasing bit 
rate): one tolerates quantization errors to 
the extent to which the perceptible 
degradation of the reconstructed 
imagery can be eliminated or reduced to 
an acceptably low level. Thus, in addi- 
tion to eliminating some redundant 
image components as do other image- 
coding schemes, this scheme also elim- 
inates nonredundant invisible image 
components. The scheme includes an 
algorithm that optimizes a quantization 
matrix (which is explained below) in such 
a way as to yield a reconstructed image 
with a minimum perceptual error for a 
given bit rate or a minimum bit rate for a 
given perceptual error. 

The figure illustrates the basic func- 
tions of the compression and decom- 
pression (reconstruction) aspects of the 
scheme. A digitized input image is divid- 
ed into blocks (typically, 8 by 8 pixels 
each). A discrete cosine transform 
(DCT) is performed on each block, then 
the DCT coefficients are quantized. The 
quantization of each DCT coefficient is 
determined by an entry in a quantization 
matrix, which is primarily responsible for 
the bit rate of transmission and the per- 
ceived quality of the reconstructed 
image. The quantized data can be fur- 
ther compressed before transmission 
by use of any of a number of estab- 
lished entropy-coding techniques. After 
reception and decoding, the image data 
are reconstructed in a process of 
dequantization (involving multiplication 
of quantized data by quantization-step 
sizes), followed by inverse DCT, fol- 
lowed by reassembling the blocks into a 
complete image. 

“Luminance masking" denotes the 
increases in visual threshold level with 
increasing local background lumi- 
nance, while “contrast masking" 
denotes the decreases in visual thresh- 
olds for patterns in the presence of 
other patterns. In the present scheme, 
the DCT threshold levels are adjusted 
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This Image-Data-Compression Scheme utilizes discrete cosine transforms in conjunction 
with luminance-masking, contrast-masking, error- pooling, and entropy-coding techniques. 
The scheme includes an optimization algorithm that yields a minimum perceptual error for a 
given bit rate or a minimum bit rate for a given perceptual error. 
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for each block to take advantage 
of luminance- and contrast-masking 
effects so as to reduce the visible 
effects of quantization errors. The 
adjustment is performed by the quan- 
tization-matrix-optimizing algorithm, 
which also pools errors over all blocks 


in the image and readjusts the quanti- 
zation matrix for each block to minimize 
the overall perceptual error. 

This work was done by Andrew B. 
Watson of Ames Research Center. For 
further information, write in 65 on the 
TSP Request Card. 


This invention has been patented by 
NASA (U.S. Patent No. 5,426,512). 
Inquiries concerning nonexclusive or 
exclusive license for its commercial 
development should be addressed to the 
Patent Counsel, Ames Research Center; 
(415) 604-5104. Refer to ARC- 13382. 


Automated Gathering of Information on the Internet 

A knowledge robot has been designed to serve an educational community. 

Lyndon B. Johnson Space Center, Houston, Texas 



□ 

I I 


□ 


000 - Generalities 

1 00 - Philosophy and Psychology 

200 - Religion 

300 * Social Sciences 

400 - Language 

500 - Natural Sciences 

600 - Technology 

700 - The Arts 

800 - Literature and Rhetoric 
900 - Geography and History 


Figure 1 . The Distribution of Information stored in the WAIS data bases is shown in Dewey 
decimal classifications. The largest segment, Generalities, includes material on computer sci- 
ence, software, and related methods. 


The Internet Library Information 
Assembly Database (ILIAD) is a knowl- 
edge robot designed primarily to serve 
primary- and secondary-school educa- 
tors. “Knowledge robot” denotes one 
of a number of emerging computer 
systems that are being developed to 
help users sift through the vast quanti- 
ty of information available on the 
Internet to find the specific information 
that they need. 

As one of these robots, ILIAD is 
approximately the electronic equivalent 
of a school librarian with access to a 
very large collection. The ILIAD helps 
users retrieve information from the near- 
ly 900 Internet sites that use the Wide 
Area Information Server (WAIS) commu- 
nication protocol and the WAIS index 
structure, which ILIAD classifies by the 
Dewey Decimal System. Figure 1 indi- 
cates the distribution of subject matter 
in the data bases at the WAIS sites. 

The ILIAD is implemented by soft- 
ware that comprises three interacting 
modules: a subject filter, a preference 
filter, and controller (see Figure 2). 
When a user’s request is received at the 
ILIAD site, the subject filter converts the 
request into a search string. The search 
string is then matched to applicable 
classifications in the Dewey Decimal 
system. Where matches are found, 
search queries are forwarded to each 
WAIS site that contains the matching 
subject matter in its data base. To limit 
Internet traffic generated by ILIAD, only 
those ten most suitable responses, 
which score highest according to a 
quantitative measure of relevance, are 
returned over the network. 

The preference filter in the ILIAD 
screens each response to each query 
according to the previously expressed 
preferences of individual users or 
groups of users. The controller and the 
preference filter accumulate data on 
preferences as summarized by various 
quantitative measures of preferability 
with respect to complexity of text, 


preferability of images that contain cer- 
tain characteristic features, and prefer- 
ability of multimedia presentations (e.g., 
text and images, text and sound). The 
output of the preference filter is an 
ordering of responses according to the 
probability that the user would choose 
one over others in the set. Responses 
found to be unsuitable according to the 


quantitative measures of preference are 
discarded, while the suitable responses 
are sent to the user. 

This work was done by Mark E. 
Rorvig and Robert O. Shelton of 
Johnson Space Center. For further 
information, write in 61 on the TSP 
Request Card. 
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Figure 2. The ILIAD Software System comprises interacting modules that search for data 
according to the quantitative measures of (a) relevance of subject matter to each query and 
(b) accumulated data on users’ preferences. 
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New Literature 



FIAT FANE! DISPLAY OOHPVTOS 
FIAT MNF1 MONITORS 
SINGLE BOARD COMPUTERS 


Computer Dynamics. Greenville. SC. 
has released the 1997 “Designer's 
Guide to Flat Panel Display 
Computers. Rat Panel Monitors, and 
Single Board Computers.* The cata- 
log features OEM flat panel display 
products, including computers, plug- 
in monitors, displays (XGA and SVGA 
resolution), and touchscreens. 

For More Information Write In No. 700 



A six-page brochure of magnetic 
bearings is available from Avcon, 
Agoura HHIs. CA. The bearings elimi- 
nate vibration and audio noise, work 
at speeds in excess of 100,000 RPM, 
and operate at temperatures ranging 
from -350 T to 1000 T. 

For More Information Write In No. 701 


Spectra Gases. Irvington, NJ, has 
released a 1997 specialty gas and 
equipment catalog, which includes 
excimer laser gases, halogen gas pre- 
mixes, xenon, krypton, neon, deuteri- 
um, helium-3, and other gases. 
Related gas handling and safety 
equipment also are highlighted. 

For More Information Write In No. 702 


A four-page brochure of digital head- 
mounted systems is available from 
Virtual Vision. Redmond. WA. Head- 
mounted display technology, speech 
recognition software, and hands-free 
user-centric interfaces make up the 
multi-sensory workstation for mobile 
applications. 

For More Information Write In No. 706 



Edmund Scientific. Industrial Optics 
Division, Barrington, NJ, offers a 260- 
page catalog featuring more than 
8,000 optical and scientific prod- 
ucts, including precision optics and 
optical instruments, as well as com- 
ponents and accessories for optical 
laboratories. 


For More Information Write In No. 703 



The Test Measurement and Control 
Sourcebook from Davis Instruments, 
Baltimore. MD, features more than 
25,000 test, measurement, and 
control instruments. Thermometers, 
multimeters, flow and pressure 
meters, data acquisition, and record- 
ing instruments are described. 

For More Information Write In No. 704 



Ampac Products, Westlake Village. 
CA, has released a 29-page catalog of 
labels and tags Included are labels 
and tags for Total Quality Standards, 
general calibration, biomedical engi- 
neering, and bar code printing. 

For More Information Write In No. 705 


ThevWorld's First Miniature 
iptic Spectrometer 



er 



Low-cost 
spectrometers 
for UV, VIS 
and the NIR 

Ocean Optics’ 
compact CCD 
array spectrometers 
are a thousand times 
smaller and a fraction 
of the cost of conventional 
spectrometer systems. Our 
spectrometers are available in 
three platforms, and are easily configured 
for absorbance, reflectance, fluorescence and 
other optical measurements. Also available are 
more than 100 accessory products, including fiber 
optic probes, light sources and sample cells. 

1237 Lady Marion Lane 
f C63I1 Dunedin, FL 34698-5314 

fSfntir* tnr TEL (813) 733-2447 

mpucs, me. fax ( 8 i 3 ) 733-3962 


For More Information Write In No. 415 


Rotating Electrical 
Connectors 


“•MK3C*(£ 



Superior to conventional slip rings, Mercotac’s liquid 
metal-wetted contacts provide reliability. No electrical 
noise, less than 1 milliohm resistance. 

Durable, compact, low cost, no maintenance. Ideal for 
computers, instrumentation, thermocouples, strain 
gauges, packaging, heating and control equipment. 



Inc. 


Mercotac 

6195 Corte del Cedro 
Carlsbad, California 92009 
619 431 7723 • Fax 619 431 0905 
Internet: www.mercotac.com 


NASA Tech Briefs, January 1997 


For More Information Write In No. 416 


75 





j . £ . £ 


Thermofoil™ Heaters 

put the heat where you need it 


300.V 230/ 

3JM-0 

•702 



Flexible etched-foil heaters • Odd shapes, profiled or mul- 
tiple elements • Efficient heat transfer: Up to 1 1 0 W/in 2 
• 200°C polyimide, 235°C rubber, 600°C mica, 120°C 
transparent insulations • Optional sensors & controllers 

Precise, reliable heating • Minimal space, mass, & design 
overhead • Medical diagnostic instruments • Aerospace 
devices • Commercial appliances • Packaging machinery 
• Scientific instruments • Electronics 


MINCO 


PRODUCTS, INC. 

7300 Commerce Lane • Minneapolis, MN 55432-3177 U.S.A. 
Telephone: (612) 571-3121 • FAX: (612) 571-0927 


For More Information Write In No. 417 


KM1 /DCI 


3 M l •] Pi 



SUPERIOR PERFORMANCE SHIELDING GASKETS 
HUNDREDS OF SHAPES AND SIZES 
ELECTRONIC GRADE PLATING FINISHES 
MANY BASE METAL ALLOY VARIATIONS 
CUSTOM ENGINEERED MODIFICATIONS TO SUIT 


SHIELDING PRODUCTS INC. 

1 384 POMPTON AVE.. CEDAR GROVE. NJ 07008 
TEL 201 -880-7455 FAX: 201 -880-87 1 4 

Web: http:Wwww.omegashielding.coin 
Contact us for tree catalog 




New on Disk 



Intergraph Software Solutions, Hunts- 
ville, AL, has announced Solid Edge 
Version 2 mechanical design soft- 
ware for Windows NT and 95. 
Enhancements include in-place mod- 
eling of assembly components, allow- 
ing designers to create new part 
models within the assembly; and fea- 
ture-based solid modeling capabilities 
for accelerated part design. It is 
priced at $5,995. 

For More Information Write In No. 710 


Version 7.1 of Electronic Design 
Automation (EDA) engineering de- 
sign software from MicroSim Corp., 
Irvine, CA, features updated vendor 
libraries, enhanced IGBT modeling 
capabilities, parameter extraction 
improvements, a trace browser, an 
unlimited undo/redo function in the 
schematic entry tool, a packaging 
wizard, and DXF file export. Software 
prices range from $995 to $13,500 
depending on the platform and prod- 
uct configuration. 

For More Information Write In No. 71 1 


Ansoft Corporation, Pittsburgh, PA, 
has announced Maxwell® 3D Field 
Simulator Version 4.0 electromag- 
netic design software for solid mod- 
eling, pre- and post-processing, and 
mesh generation. The program fea- 
tures an ACIS-based modeling 
engine, which allows real-time render- 
ing and dynamic visualization of mod- 
els. Additions include parametric 
solution capability and an optional 
command line interface. 

For More Information Write In No. 712 



Cyco International, Atlanta, GA, has 
announced version 5 of Auto- 
Manager® WorkFlow 32 -bit document 
management software for CAD and 
engineering environments. The Win- 
dows 95/NT program features direct 
links with MicroStation 95, an 
AutoCAD viewer, Internet and E-mail 
compatibility, hybrid file support, and 
improved usability. 

For More Information Write In No. 713 


DataViews Corp., Northampton, MA, 
offers DataViews 9.7 data visualiza- 
tion software for Windows NT. By 
managing raw data and transforming it 
into intuitive graphical representations, 
users can build animated interfaces for 
visualizing, analyzing, and regulating 
real-time industrial, telecommunica- 
tions, or scientific processes. The pro- 
gram can analyze more than 10,000 
dynamic graphical objects represent- 
ing data points per second. It supports 
Microsoft Visual Basic, Visual C++, 
and Visual Basic-compatible OCXs. 
Pricing starts at $5,000. 

For More Information Write In No. 715 



Release 3.0 of PDEase2D * finite ele- 
ment analysis (FEA) software is 

available from Macsyma, Arlington, MA. 
The Windows 95/NT program incorpo- 
rates a scientific notebook interface that 
includes interactive animated graphics, 
a Data Viewer™ for displaying and edit- 
ing numerical data, text processing, 
hypertext links, and a filter for importing 
drawings from major CAD packages 
such as AutoCAD®. The software 
solves problems in heat transfer, solid 
mechanics, reaction/diffusion, fluid 
mechanics, etetromagnetics, ground- 
water flow, and quantum mechanics. 

For More Information Write In No. 714 



Q-YIELD® version 3.0 data analysis 
and mining software from Quadril- 
lion Corp., Dunrobin, ON, Canada, 
searches through massive databases 
and uncovers relationships that 
explain the causes of production 
problems. It provides automated data 
analysis using a data mining technol- 
ogy based on intelligent search algo- 
rithms. The software runs on PCs with 
Windows 95 or NT and was designed 
for use in the electronics, semicon- 
ductor, or other high-tech industries 
that require yield analysis of large 
amounts of data collected during pro- 
duction processes. 

For More Information Write In No. 716 


76 


For More Information Write In No. 418 


NASA Tech Briefs, January 1 997 







New on the Market 


Product of the Month 
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RacaJ Recorders, Irvine. CA, has intro- 
duced the Racal-Heim DATaRec A60 
Recorder, a six-channel DAT/DDS-2 
instrumentation recorder for portable 
or standalone use. The analog input, 
digital recording/replay system features 
mmJ a maximum 1 25 kHz system bandwidth 
and provides two or more hours of con- 
tinuous recording with greater than 90dB signal-to-noise ratio and better than 1* 
phase accuracy between channels. Each of the six channels is compatible with 
both conventional voltage and ICP sensor inputs, has user-selectable back- 
width up to 25 kHz, and has ten input and three output ranges. The recorder 
features separate voice, time, and RPM sensor inputs. A built-in display allows 
reccord and replay monitoring of signal data. It is priced at $1 1 ,300. 

For More Information Write In No. 728 


Astro-Med, West Warwick, Rl, has 
introduced the Dash II two-channel 
field recorder, which records signals 
ranging from 50 mV to 350V peak 
(isolated) at frequencies from DC to 1 
kHz, with chart speeds up to 125 
mm/sec. The unit features 300 dpi 
laser-quality printing, a five-inch wide 
chart, and a front-panel floppy disk 
drive for data archiving, upgrades, 
and test setups. 

For More Information Write In No. 720 



Valcor Scientific Division of Valcor 
Engineering Corp., Springfield. NJ, 
has introduced the Neonate Series of 
inert solenoid-operated valves for 
scientific instruments. Measuring 2* 
high and weighing 2.2 ounces, the 
valves are available in two-way and 
three-way free-standing configura- 
tions. They are available in various 
engineering plastics and elastomers, 
with OEM mounting options available. 

For More Information Write In No. 725 


The PH Series of hydrauic rotary actu- 
ators from Heiac Corp., Enumdaw, 
WA, is available in four models with 
torque to 27,000 h-t) at 3,000 PSI. 
Features include exclusion seals, 18CT 
and 360* rotations, integrated bal bear- 
ings, and a one-piece through shaft with 
an integral, large-demeter, driled and 
tapped moulting flange. 

For More Information Write In No. 721 


Mead Fluid Dynamics, Chicago, ll_ 
offers cross roller bearing slides for 
point-to-point positioning and assem- 
bling applications. They provide linear 
accuracy of <0.001 " per inch of travel, 
deflection-free linear motion, and low 
frictional resistance. Made of 6061 -T6 
aluminum and 303 stainless steel, the 
pneumatic slides are available with 
stroke lengths from 1 to 6 inches. 

For More Information Write In No. 722 



Parker Hannifin Corp., Compumotor 
Division, Rohnert Park, CA, has intro- 
duced the TQ10X Series brushless 
servo amplifier/drive, which com- 
bines a torque amplifier with a built-in 
controller for brushless servo applica- 
tions with fractional horsepower 
requirements. It provides continuous 
torque to 5 amps and peak current to 
10 amps. Eight configurable inputs 
and two programmable outputs are 
available. 

For More Information Write In No. 724 


The UMK family of high-torque 
motor-driver packages from 
Oriental Motor U.SA Corp., Torrance, 
CA, provides six basic two-phase 
hybrid step motors matched with 
compact full-step/half-step stand- 
alone drivers. Available in two frame 
sizes (1.65“ sq. and 2.22" sq.). the 
step motors develop holding torques 
ranging from 22 oz-in to 187 oz-in. 

For More Information Write In No. 723 


The Airioc® II quarter-turn fasteners 
from The Monadnock Co.. City of In- 
dustry, CA, are interchangeable with 
Camloc’s® 2600/2700 and 4002 series 
fasteners. A range of sizes, materials, 
and configurations qualified to QPL 
5591 are available. 

For More Information Write In No. 726 


EXFO E.O. Engineering, Vanier, Que- 
bec. Canada, has introduced the 
FTB-300 Universal Test System PMD 
field analyzer portable test instru- 
ment that performs PMD measure- 
ment, as well as OTDR and loss test- 
ing in the field. The analyzer features 
Windows '-based software, which 
allows test results to be worked on, 
stored, and reviewed in the unit. 

For More Information Write In No. 727 


Paroscientific, Inc. 

Digiquartz Pressure Instrumentation 



Features: 

• 0.01% Accuracy 

• IxlO* 8 Resolution 

• Digital Output Signal 

• Environmentally Rugged 

• High Reliability & Stability 

• ISO 9001 Quality System 

• 5 Year Extended Warranty 


Products: 

• Barometers 

• Transducers 

• Transmitters 

• Depth Sensors 

• Portable Standards 

• Fiber-Optic Systems 

• Water Stage Sensors 

• Meteorological Systems 


For More Information Write In No. 419 


Optics & 
Imaging 



Edmund 

Scientific? 


Catalog 




With Over 
8,000 Products 
We Have Your 
Solution! 



■ Optical Components 

■ OEM Optics 

■ Test Equipment 

■ Video Systems 

■ Machine Vision 

■ Critical Measuring 

■ Positioning Equipment 

■ Losers & Laser Optics 

All Hems arc in-stock 
and ready to ship. 

For over 50 years 
Edmund’s has been 
providing technical 
soloutions. Let us 


609 - 573-6250 help you. 


OS Edmund Scientific 

INDUSTRIAL OPTICS DIVISION 

Dept. B971 , N954 Edscorp Bldg., Barrington, NJ 08007-1380 
Phone: 609-573-6250 Fax:609-573-6233 E-Mail: B971N954@edsci.com 
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Marketplace To Advertise — Call (212) 490-3999 


RUGGED, HIGH PERFORMANCE 
SYSTEM WITH COLOR VGA 
DISPLAY & ATTACHED KEYBOARD 


ST 3500P STANDARD 



FEATURES INCLUDE: 

•14 SLOT PASSIVE 
BACK PLANE, 
ISA/EISA/PCI 
•300 WATT 110/220V 
AC50400HZ 
POWER SUPPLY 


• 80486DX2/DX4 OR PENTIUM 75-200MHZ CPU CARO 

• 10.4‘ TFT COLOR DISPLAY, 640X480X64K COLORS 

• SHOCK ISOLATED DRIVE CAGE TO MOUNT ONE 3.5" 
AND TWO 5.25" HALF HEIGHT DRIVES 

• KEYBOARD AND TRACK BALL MOUSE 

• SERIAL AND PARALLEL PORTS, MS DOS/WINDOWS 
OPTIONS: TOUCH SCREEN, CUSTOM CONFIGURATIONS 


FOR FURTHER DETAILS CONTACT: 

IBI SYSTEMS INC., 6842 NW 20AVL, 
FT. LAUDERDALE, FL 33309 
954-978-9225 FAX: 954-978-9226 



FREE! 

130 

Page 

Catalog 


“Optics 

for 

Industry” 


Free 130 page product catalog from Rolyn, 
world’s largest supplier of ‘‘Off-the-Shelf” optics. 
24-hour delivery of simple or compound lenses, 
filters, prisms, mirrors, beamsplitters, reticles, 
objectives, eyepieces plus thousands of other 
stock items. Rolyn also supplies custom prod- 
ucts and coatings in prototype or production 
quantities. ROLYN OPTICS Co., 706 Arrowgrand 
Circle, Covina, CA 91722-2199, (818)915- 5707, 
FAX (818)915-1379 


100 MFLOP 
OEM -DSP 

$889 QTY 100 



BLACKTIP 

• AiuJog Devices ADSP-2 106* • Half-length ISA card 

SHARC floating-point DSP • Free evaluation packages from 

• I'p to SI2Rx 48 external SRAM Hvpercepdon. Iflhos. and 

• Flexible high-speed I/O she Wideband Computers with 

• Tiro external link ports purchase of development SW 

Tbe SHARC tamers. 

800-848-0436 

33 North Main Street •Concord. NH 03301 
FAX: 603-226-6667 •E-Mail: bittware^/ bittware.com 


For More Information Write In No. 580 
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For More Information Write In No. 582 



ROTARY BAND 
CONTACTS 

New and better 
than slip rings for 
transmitting 
electrical power & 
signals across a 
rotary joint. 



/ ELECTRICAL OUTPUT 

ROLLING ELECTRICAL 
CONTACT 

ELECTRICAL INPUT 


This NASA-sponsored technology 
development employs flexible rolling 
contacts. Compared with slip rings, Rotary 
Band Contact units are less noisy, last 
longer and cost less. For a customized 
quotation, contact Honeybee Robotics: 
(212) 966-0661 phone — e-mail: 

dept204@hbrobotics.com 


MELLEN 


Standard & Custom-built Heaters 

From 500°C & 2500°C . Mellen heaters are rugged, 
built to last, and best of alt . .. built your way' 

• Flatplate 




Space Station T-Shirt 


Colorful rendition of orbiting space 
station superimposed dramatically on 
back of black shirt; image of Earth on 
front left side. 100% cotton. 

Adult L or XL. Only U.S. S12.95 each! 


HONEYBEE ROBOTICS — Engineering The Future 


•TEL: 1-800-633-61 15* FAX 603-648-2177* 
E-Mail: mellen@keartdsnet.com 


For More Information Write In No. 583 



Motion 
Control 
Solutions 


Lab VIEW • C Programmable • Visual Basic 


PC based Servo 
Stepper Boards 


Multi-axis Control 
Microstepping 
X-Y Tabic Control 
Motion Sequencing/Profiling 
Motors. Amps. Drives 


• Free Windows'" Motion Software 

• Factory Direct Support 

fTSrj 



5=0 — - Velocity 


Load 


(KK8)-NULOGIC 


nuLogic 

475 Hillside Avenue 
Needham. M A 02194 
Fax: 617 444-2803 
E-mail: sales# nulogic.com 
http//:www.nulogic.com 


For More Information Write In No. 584 


ARE YOU STILL TRYING 
TO MEASURE VERY THIN 
GAPS THE HARD WAY? 



Capacitec HPS Series of thin (back to 
back) sensors can measure gaps as 
small as 0.0085" (.22mm) inboard 84" 
(2133.6mm) with accuracies of 0.0003" 
(7.6/jn), without scratching delicate 
surfaces. 

= Capacitec 

P.0. Box 819, 87 Fitchburg Rd., Ayer, MA 01432 U.SA 

Tel. (508) 772-6033 • Fax (508) 772-6036 



Space Coloring Book 

Fun and educational! Easy-to-under- 
stand descriptions of spacecraft and 
missions, with drawings for your 
young artist to color. 36 pp. 

S4.50 

Add $5.00 for postage. NY residents add 
sales tax to total. Mail payment 
(check/draft/postal/express order), U.S. 
$ payable to: Associated Business 
Publications to Associated Business 
Publications, Dept. F, 317 Madison Ave, 
New York, NY 10017, U.S.A. For credit card 
orders call 1 -21 2-490-3999. 


For More Information Write In No. 586 


For More Information Write In No. 585 


78 


www.nasatech.com 


NASA Tech Briefs. January 1997 









Advertisers Index 


A/D Electronics (RAC 451) la 

Aavid Thermal Technologies, Inc (RAC 458-462) 3a 

Aerospace Optics Inc (RAC 565) 13 

Algor, Inc (RAC 630) 7 

American Variseal (RAC 425) 72 

AMP (RAC 622) 41 

Ansoft Corporation (RAC 455) 9a 

Astro-Med, Inc (RAC 657) 55 

ATI Industrial Automation (RAC 412) 63 

Autodesk 23,52-53 

Bittware Research Systems (RAC 582) 78 

Capacitec (RAC 585) 78 

Compaq Computer Corporation (RAC 555) 10-1 1 

Corel Inc (RAC 652) 29 

CUI Stack (RAC 424) 72 

Cybernetics (RAC 636) 47 

Oatatape (RAC 411) 62 

Datum Inc (RAC 401) 16 

Digi-Key Corporation (RAC 640) 5 

Ebm Industries, Inc (RAC 450) C0V lla 

Edmund Scientific (RAC 420) 77 

Fluke Corporation (RAC 590) 19 

Gage Applied Sciences (U.S.) Inc (RAC 408) 42 

Gompf Brackets, Inc (RAC 456) 12a 

Gould Instrument Systems (RAC 539) 2 

Hewlett-Packard (RAC 300) 13a 

Hitachi Denshi America Ltd (RAC 405) 27 

Honeybee Robotics (RAC 583) 78 

IBI Systems (RAC 580) 78 

Imaging Technology (RAC 560) C0V III 

Integrated Systems, Inc (RAC 660) 59 

lOtech, Inc (RAC 650) 4 

Keithley (RAC 467) 5a 

Keithley Metrabyte (RAC 620) 15 

Knowledge Express Data Systems (RAC 410) 64 

LPKF (RAC 457) 12a 

The MacNeal-Schwendler Corporation (RAC 540) 51 

Master Bond Inc (RAC 421) 79 

TheMathWorks, Inc (RAC 625) 9 

Mellen (RAC 584) 78 

Mercotac Inc (RAC 416) 75 

MicroSim (RAC 454) 7a 

Minco Products, Inc (RAC 417) 76 

MIT/Sloan School of Management (RAC 684) 39 

NASA Technology Today. 61 

National Design Engineering Show (RAC 665) 71 

National Instruments Corporation (RAC 600) COV II.32A-32D 

New England Instrument (RAC 423) 80 

NuLogic (RAC 586) 78 

Ocean Optics, Inc (RAC 415) 75 

Omega Engineering Inc (RAC 610-614) 1 

Omega Shielding Products Inc (RAC 418) 76 

Paroscientific, Inc (RAC 419) 77 

Polaroid (RAC 406) 30 

Research Systems, Inc (RAC 685) COV IV 

RGB Spectrum (RAC 400) 12 

Rolyn Optics Co (RAC 581) 78 

Ruggedtronics (RAC 404) 25 


Russian Tech Briefs. 


67 

Silicon Graphics, Inc 

(RAC 547) 

35 

Sony Precision Technology 

(RAC 452) 

2a 

Sorbothane Inc 

(RAC 422) 

79 

SPSS, Formerly Jandel 

(RAC 532-534) 

17 

Sunx Sensors 

(RAC 570) 

26 

Synrad 

(RAC 520) 

31 

TestEquity Inc 

(RAC 528) 

3 

Texas Instruments 

(RAC 407) 

34 

Velmex. Inc 

(RAC 414) 

69 

Zircar Products, Inc 

(RAC 402) 

18 


* RAC stands for Reader Action Card. For further information on these advertisers, please 
write in the RAC number on the Reader Action Card in this issue. This index is compiled 
as a service to our readers and advertisers. Every precaution is taken to insure its accu- 
racy. but the publisher assumes no liability for errors or omissions. 


CRYOGENIC 

ADHESIVES 

Designed To Your Specifications 


MASTER BOND EP29LPSP EPOXY 


■ Two-part system ■ Convenient 
mix ratio ■ Flexible cure sched- 
ules ■ Service down to A 
liquid helium temperatures 

■ Outstanding thermal 
shock resistance 

■ Superior dimensional - 

stability ■ Convenient jisL~ A 

packaging 


Jj 


Master Bond Inc. 

Adhesives, Sealants & Coatings 


For information, 
call or write: 
Master Bond Inc 
154 Hobart Street 
Hackensack, NJ 07601 
201-343-8983 


For More Information Write In No. 421 


Shock &Vibration 
Damping. Up To 94% 


Sorbothane' patented visco- 
elastic material absorbs and 
dissipates unwanted energy 
and outperforms rubber and 
other materials by providing: 

• Shock Absorption 

• Vibration Isolation 

• Sound Damping 

• Standard Products 

• Castable Urethanes and Foams 

• Cost-Effective Custom Molding 

Sorbothane is the ultimate damping 
and isolation material 



Free brochure and 
prototype sample. 
330.6Z3.9444 



Sorbothane Inc 


2144 State Route 59, Kent, Ohio 44240 • tel 330.678.9444 fax 330.678.1303 

www.sorbothane.com 
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Space Age Sensors 
for Down to Earth Needs 

Since 1957, we have produced the most reliable 
precision rotary and linear potentiometers for 
aerospace, automotive, industrial, medical and 
commercial applications. 

■ Standard and custom designs - 
competitively priced 

■ Patented RESISTOFILM® element technology, 
industry’s benchmark 

■ Precision performance for linearity, output 
smoothness, life and environmental stability 

■ Robust, highly reliable mechanical packaging 

■ Extensive one-year warranty 

■ Long life comparable to non-contact devices 

n© 

New England Instrument 

245 Railroad Street, Woonsocket, Rl 02895 

401/769-0703 FAX: 401/769-0037 

For More Information Write In No. 423 

The Ultimate Guide To 
Exploring The Universe 


This top-quality CD-ROM is fun, educational, 
and great for both adults and children. 

Spend a day aboard the Mir Space Station, 
travel to the moon’s dark side, take a 3D tour 
of Venus, observe the stars from inside a mini 
planetarium. Features dozens of videos, ani- 
mations, and audio clips, and hundreds of 
color photos and articles. Comes with a 160- 
page book filled with interesting facts about 
space. Requirements: 486DX , 8MB RAM, Windows 3x195 , 8-bit 
sound card, double-speed CD-ROM drive. Only $54.95. 

Rush me the Eyewitness Encyclopedia of Space & The Universe @ 
$54.95 per copy + $5.00 for postage/handling. (NY residents 
add sales tax.) 

Total $ 

J check enclosed (payable to Associated Business Publications) 

□ charge my: □ VISA □ Mastercard □ AmEx 

Account No. 

Expiration Date 

Signature 

Name 

Organization 

Address 

City/St/Zip 

Phone No. 

Mail to: Associated Business Publications, Dept. F., 317 Madison Avenue, 
New York, NY 10017 Fax: (212) 986-7864 
For information on multi-copy discounts, call (212) 490-3999 



The Technology 
Connection 

To Advertise Call (800) 944-NASA 


Opportunities for Partnership 


COMPOSITES metal, ceramic 
matrix, carbon-carbon; 
REINFORCEMENTS ceramic 
Fibers, coated fibers; COATINGS 
for pans, fibers, coating systems; 
SPECIALTY METAL ALLOY & 
intermetallic powders; 
ELECTROCHEMICAL 
SYSTEM batteries, fuel cells. 

Contact: Robert Mallia 
MER CORPORATION 
(520) 574-1980 
FAX (520) 574-1983 



Have a Bright Idea? 

now OWN IT for only... $89 

Created by Gene Scott. Reg. Patent Agent 
and Founder of Inventors Forum, Irvine, Cal. 
•Provides 'patent pending* status 
•Easy, quick to do 
‘Avoid attorney fees 
•Ring fee is only $75 

Do-It-Yourself ACTION KIT 
Provisional Patent Application 

(Congress’ June *95 simplified application) 
Kit Incl. Video. Workbook, Examples, Forms 

Patent Law & Venture Group 
1 -800-7-4-Patent 1-800-747-2836 


Engineering Catalog 



<1*80/20 Inc.. 

Man&turers & The Industrial Erector Set K | 

T-SL0TALUM. EXTRUSIONS 
for Machine Frames, Work 
Stations, Shop Projects, | j r 
Guard ins, Enclosures, Etc “ 1 

Free catalog 

with over 1 400 building components! S 

Internet - http://www.hri.coin/IMO 

1 (219) 248-8030 • FAX 248-8029 

S 1701 South 400 East » Columbia City, IN 46785 —W 


Inventors Marketplace 


"How To Offer Your 
Invention For Sale." 

We have helped hundreds of inventors and 
showed them how to offer their inventions 
for sale to business all over the world. 
No cost. 

Call 1-800-537-1133. Kessler Sales 
Corp., C-47-7, Fremont, Ohio 43420. 


Announcing The 
Fourth Annual 

SBIR TECHNOLOGY OF THE YEAR 
AWARDS 


Has your company developed a novel, commercially promis- 
ing technology/product through the government’s Small 
Business Innovation Research (SBIR) Program? You may 
be eligible for a 1997 SBIR Technology of the Year Award, 
presented by the Technology Utilization Foundation in 
cooperation with SBIR-sponsoring agencies of the federal 
government. 

Nominees will have the opportunity to showcase their tech- 
nology/product at Technology 2007, the world’s largest tech 
transfer conference and exhibition (Sept. 22-24, Boston, 
MA), and will be featured in the pages of NASA Tech Briefs. 




To learn more about this prestigious national award and 
obtain a nomination packet, call Joanna Upton at 
(212) 490-3999. 
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When Your Vision System 
Needs to do More Than Take 

Pretty Pictures. 



\ Y / h enever yoiir yision application 
VV requires maximum performance, 
non-standard camera interfaces, the 
latest vision development tools and 
fast, easy system integration; Imaging 
Technology has your solution. 

Imaging Technology makes high 
performance vision development easy. 
All our products are designed to provide 
OEM’s and system integrators with 
the most in flexibility, functionality 
and performance. 

For lower-end applications, our 
IC-PCI® PCI Bus image capture board 
gets the most out of your Pentium®. 
Transferring data over the PCI Bus at 


sustained rates of over 105 MB/sec as a 
PCI Bus master, the IC-PCI frees your 
host up to do the job, not manage 
image data handling! Plus, with our 
plug and play camera support, you can 
interface easily to virtually any camera 
on the market. 

When uncompromised vision 
performance is required, ITI offers 
the Modular Vision Computer* (MVC) 
150/40 vision processor. Outperforming 
a Pentium Pro® 200 MHz processor by 
over 100 times for heavy duty vision 
requirements, the MVC 150/40 allows 
hardware functionality to be either 
added or removed throughout the 


entire development cycle. Applications 
where the MVC excels are in parts 
inspection, web inspection, medical 
imaging and defense. 

For more information on ITI 
vision products, including our new 
C80 Module, and your FREE Vision 
Products Guide call: 

800 - 333-3035 

iMAGING 

Technology 

55 Middlesex Tbmpike, Bedford, MA 01730 
Tel: 617-275-2700 Fax: 617-275-9590 
e-mail: info@imaging.com 






fuzzy pictures 


m 


The Hubble Space Telescope is in orbit when a defect is discov- 
ered in the primary mirror. Fuzzy pictures. Big problem. 

Scientists knew they faced a daunting task when they launched 
the servicing mission to repair NASA’s Hubble Space Telescope 
in 1993. They needed superior software tools to test, calibrate 
and analyze the data from the replacement camera. They chose 
IDL, the Interactive Data Language. 


H 


ere s 


why 


These spectacular images were captured by the 
Hubble Space Telescope and processed 
viewed and analyzed in IDL 


* The ability to quickly and easily write applications, compile data 

* and visualize results compelled the Investigation Definition 
Team for the WFPC-2 to use IDL as their software language. 

i IDL provides a “powerful, flexible language that is easy to use 
and customize,” says Paul Scowen, a team member. “With IDL 
you can be productively working on your data after only a couple 
days’ exposure to the environment.” 


IDL helps make 
Hubble picture perfec 


SIMPLE 

POWERFUL 

FLEXIBLE 



“Among other things, I put together a GUI that incorporated 
numerous IDL applications in a simple, point-and-click mode. 
IDL is one of the best environments I’ve seen to design GUIs 
quickly and easily,” says Scowen. 

Scowen estimates they saved “more than a year of labor over 
the course of three years by adopting IDL over other alterna- 
tives.” Because IDL runs on Windows, Unix and Macintosh 
computers, the team could quickly and efficiently share their 
work. “Being able to take procedures written on one machine 
and directly transplant them to another at the drop of a hat is 
particularly advantageous,” Scowen says. 

“Many of IDL’s array-handling logic routines are invaluable,” 
Scowen adds. “For example, the ability to multiply two arrays 
in memory as fast as IDL does cannot be matched by other 
commercially- available software.” 

Thousands of other organizations like NASA are using IDL to 
accelerate their data analysis. Find out how IDL can help you make 
better discoveries from your data. Contact us today for an IDL 
information pack and your free booklet, Earth Science Application 
Profiles , which details other interesting applications of IDL 


si: IDL 



Contact us today for information on the IDL software package & a free demo CD. 

Research Systems, Inc. tel: 303.786.9900 email: info@rsinc.com http://www.rsinc.com Software = Vision, 


International Distributor Offices 

ry. Switzerland. The Netherlands CREASO. GmbH tel 49 8105 25055 • Brazil SulSofl tel: 55 51 337 38 91 • China. Hong Kong 3-Unk Systems Pie Ltd tel 86106 261 0161 
France. Belgium Fast Parallel Solutions France tel 33 1 41 73 20 00 • Italy AJIiant Computer Systems SR L tel 39 39 6091766 • Japan Adam Net Ltd tel 81 35802 2251 • Korea interSys tel 82 42 869 4746 

— - — ' — * 776333 


Austria, Germany. Lichtenstein. 


Spain Estudio Atlas tel 34 45 298 080 • Taiwan Concentrate Corporation tel: 886 2 883 7752 • United Kingdom Floating Point Systems UK Ltd tel 44 1 734 


For More Information Write In No. 685 




